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I. INTRODUCTION 
With increasing acreages being allotted to soybean production any 
attempts to forestall a large-scale emigration of the farm population 
must address itself to the low soybean yields which currently are the 
rule. Their apparently long history of adaptation to soils of low 
productivity, notwithstanding, encouraging strides have already been 
made in the direction of improving soybean yields. But these improve­
ments are far from being sufficient to maintain the average farmer in 
a competitive economy. Given current technological advances and poten­
tials, it goes without saying that the greatest impediment to improving 
soybean yields economically is a limitation imposed by genetics. By 
screening old varieties and synthesizing new ones attempts are being 
made to increase the available soybean germplasm for varieties that will 
respond positively and consistently to fertilizers. As a result of in­
consistances in moisture regime and soil factors, this at the present 
has proved to be an ardous task; a task that is cc=pcunded by the fact 
that present methods and tools of screening necessitate the growing of 
the crop through one complete growing season to estimate its potentials. 
This is a tedious, cumbersome and time-consuming process. Needed is a 
fast and reliable index for detection of promising genotypes. 
It is with this problem of selection criteria, as well as screening 
of specific plant introductions, that the present study is concerned. 
These objectives were pursued along several lines: yield tests, compari­
sons of dry-weight production per acre at various times during the season, 
and search for earliness in maturity. Since differences exist not only in 
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developmental patterns of crop plants but also in the distribution of 
photosynthates among different organs of the plant, an attempt was made 
at determining whole-plant dry-weight gains, plant parts dry weight ratios 
and net rate of photosynthesis. 
Since prior to the stage of bean formation, the above-ground part 
of the soybean plant is composed predominantly of leaves and stems, it 
would appear that the leaf/stem weight ratio is a suitable index of the 
distribution ratio. The first aspect investigated was the seasonal dry 
matter production trends. Varieties which complete their vegetative 
growth early in the season are expected to have an advantage over the 
late varieties by virtue of there being a shorter period for competition 
between the vegetative and reproductive phases for photosynthates in the 
former. By implication, a larger proportion of photosynthates would be 
diverted towards grain production in the former relative to the latter. 
At a constant rate of photosynthetic production, the proportion of 
the photosynthates that is diverted to the production of new leaves would 
determine the magnitude of additional photosynthetic production, by anal­
ogy with the compound interest law. This should in turn be highly 
correlated with total yield. Thus varieties that produced large amounts 
of leaf material relative to stem material early in the season would 
tend to be higher-yielding varieties since their total opportunity for 
assimilation during the summer months would be enhanced. In the presence 
of a strong correlation between leaf/stem weight ratio and grain yield, 
it should be possible to affect yields by modification of the L/S ratio 
through alterations in the nutrition of the crop. This aspect of the 
study was investigated in fertilizer experiments conducted during 1969 
î 
and 1970, and consituted the second approach taken in this study. 
A third approach was the investigation of differences in varietal 
rates of net photosynthesis and differential responses from nutrient appli­
cation among soybean lines. The highest net assimilation rates are found 
among the tropical grasses; these species also have the highest effi­
ciencies of energy conversion. One would not, therefore, be surprised 
should the highest yielding varieties also be the varieties with the 
highest rates of net photosynthesis. By analogy, varieties which are 
responsive to nutrient applications in terms of their rates of net photo­
synthesis should also have enhanced grain yields as a result of fertili­
zation. This phase of the study was conducted in the greenhouse in the 
summer months of 1971 and 1972. 
ii. LiTEKATUKE RKVIEW 
Discussions of the literature pertinent to these studies will be 
approached in two main sections; the first section relates to the responses 
of soybean varieties to fertilizers, in the field, while the second sec­
tion relates to the different net photosynthesis of soybean varieties re­
sulting from nutrient applications. Discussions of the rate of net 
photosynthesis may seem to be overemphasized in this review. It should, 
however, be realized that this is a relatively more recent aspect and 
one that is rapidly expanding. Consequently, confusion and conflicts 
seem to abound. 
In the discussion of the yield responses of soybeans to fertilizers, 
N, P, and K will be treated in separate sections where possible. Also 
in this section will be discussed the inheritance of, and differences in 
responses to applied fertilizers. 
The discussion on the rate of net photosynthesis is divided into 
fc'-r different sections; 
(1) Genotypic, age and positional variations and heritability of 
net photosynthetic rates, 
(2) Mineral nutritional effects on net photosynthetic rate, 
(3) Temperature and sink-source relationships in net photosynthetic 
rate, and 
(4) Processes limiting net photosynthetic rates. 
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A. Responses of Soybeans to Fertilizers 
The question has often arisen as to the desirability of a ferti­
lizer program for soybeans. This question is provoked by the not infre­
quent observation that, except in the poorest of soils, yield responses 
from soybeans to fertilizers have been minimal and discouraging. This 
lack of response may be related to centuries of evolution and adaptation 
in depleted soils of the Orient. Natural selection possibly increased 
the ability of the crop to forage and sustain itself in poor soils. 
Comparisons of responses by soybeans and corn have been made. Not 
too many of these have been solid, but from them two opposing view points 
have emerged. One view point is exemplified by a report by Pierre (1944) 
that soybeans respond to high fertility as much as corn, but that the 
response to direct application of P and K is less in the former than in 
the latter. The emphasis thus seems to be on soil fertility and on carry­
over. Increases in yield in high fertility soils have usually been ob­
tained via good soil practices to which soybeans are responsive. 
Farmers have, thus, either through experience or advice,had to build up 
the level of fertility of their soils from fertilizer application to a 
previous crop in the rotation, corn-soybean rotation, for example. The 
other view is that the two crops respond equally well, (Voss, 1967). 
Often relative responses are compared; however, when the absolute quan­
tities of the responses are considered on dollar-value or equal energy 
basis the two crops are often not equal. It is a more recent view. 
Energy-wise, 100 bushels of corn are equivalent to 45 bushels of soybeans; 
thus a corn yield response in bushels would have to be 2.2 times larger 
than a soybean yield response to be equal on an energy basis. Most re­
sults tend to favor the earlier view. 
1. Nitrogen fertilization and yield response s 
It was generally accepted that soybeans, like most other members 
of the Leguminosae, do not require sources of nitrogen outside of nodule-
N, if well inoculated. Credence is lent to this belief by results such 
as those of Yoshihara and Kawanshee (1956) with forage plants. They used 
sand culture experiments to show that forage yields of plants supplied 
with X for only 5 weeks after germination equalled yields with N supplied 
continuously throughout the season. This would imply that N application 
was necessary only for the first 5 weeks after germination. Using 
Alios and Bartholomew (1959) in gravel cultures obtained increased yields 
by adding combined N and concluded that N-fixation processes could supply 
only about one-half to three-fourchs of the total nitrogen requirement 
for maximum yields. These conclusions are buttressed by those of Lathwell 
tiiid Evans 1951j who ODserved a very close correlation between soybean 
yields in solution culture and the amount of nitrogen accumulated through 
out the lire cycle. High levels of X at the bloom stage were necessary 
ror obtaining maximum yields, and the amount of available determined 
pod retention. These experiments have all been performed in soil, gravel 
or solution cultures. If soybeans do not require N, when well inoculated 
they should not respond after nodule activity begins, which occurs three 
weeks after germination (Bergersen, 1958). This is irreconcilable with 
the observations of Yoshihara and Kawanshee (1956) and illustrates tne 
danger of relying on pot experiments to prove lack of response to X. 
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The conclusion that soybeans do not benefit from added N has partial­
ly been fostered by the often observed depresssion in nodulation efficiency 
due to added N, (Lyons and Earley, 1952). However, this conclusion, 
even in the face of its apparent error, cannot altogether be discounted. 
Experiments with inoculated soybeans in Alabama failed to show yield 
increases from fertilizer N (Rogers et al., 1971). Williams and Lynch 
(1954) reported that by using nodulating and non-nodulating isolines it 
was shown that root nodulating bacteria provided enough nitrogen to the 
plant to prevent the element from limiting yields. At Ames, when 20 tons 
of ground corn cobs per acre were added to the soil prior to planting to 
reduce the available nitrogen, nodulated soybeans produced 41 bushels/ 
acre without N and 43 bushels when 600 lb/acre of N was added. The non-
nodulated strain produced 16 bushels/acre without N and 41 bushels/acre 
with added N (Weber, 1966). Thus the 25-bushel yield increase is attri­
butable to nodule activity. A similar comparison had been made on 
Sharkey clay at Stoneville, Mississippi with similar results (CarIter 
and Hartwig, 1962). 
It would appear that as in many other areas of soybean fertilization, 
the results obtained are a function of the type and fertility level of 
the soil, and climatic conditions. This point is supported by the fact 
that in 1947 during a hot dry growing season, marked responses were ob­
tained from added N whereas in 1949, with adequate rainfall, moderate 
temperatures, and 30-40 days of additional growing season, there was 
little or no response (Lyons and Earley, 1952). It would thus appear 
that rainfall and temperature during the growing season have a direct 
influence on the sufficiency of symbiotically fixed N for maximum yields, 
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thus indirectly inlluencing the response to added N (de Ceus, 1967). 
Farmers are currently being advised to fertilize with N since added N 
may give the crop a boost under cool conditions, drought, acid soil or 
poor inoculation. Besides, it may help the soybeans to get a jump on 
weeds. 
2. Phosphorus fertilization and vie Id responses 
Except in soils that are extremely deficient or low in P, many 
field results indicate a lack of response to P additions. This partially 
explains the so many and often contradictory responses obtained when 
soybeans are grown in phosphorus fertilized soils. In a survey conducted 
by Kamprath and Miller (1958) to determine the effect of several soil 
variables on the yield of soybeans, it was found that soil P and soil 
pH were most important in production of soybeans. A correlation coeffi­
cient of .53 was obtained for stand, soil pH, soil Ca, soil P, soil K 
and soil organic matter content. Thus, in relating yields of soybeans 
to the levels of soil ? soils testing 2-5, 5.5-15.5, 16-28 and >28 lb 
P/acre had yields averaging 13, 22.4, 21,7 and 26.1 bu/ac. The lowest 
average yields were in the lowest soil P category; conversely, the highest 
yields were obtained in the highest soil P category. In greenhouse 
studies, the calculated response curves for yield of soybeans decreased 
rapidly when the soil P level was above 20 Ib/ac. The insignificance 
of applied P relative to soil P in its effect on soybean yields have 
also been documented by Walker and Long (1966). In neither the Howard 
County nor the Carrington Clyde Experimental farms did deMooy and Pesek 
(1971) obtain significant seed yield responses to broadcast P in soils 
') 
testing low in P. Responses up to 3 bushels/acre resulted from appli­
cation of 250 lb P/acre. 
However, responses do occur at low P tests. Welch, Hall and Nelson 
(1949) investigated the utilization of fertilizer and soil P by soybeans. 
Using three rates of P on a soil testing 25 lb P^O^/acre, they obtained 
increased yields. Recently, Rogers et al, (1971) showed that soybeans 
at four of five locations testing 'low' to 'very low' in Alabama gave 
increases in yield ranging from 5 to 21 bu/ac. Lack of response seems 
to be the rule at high P tests. In the experiment of Rogers' group no 
location gave a significant yield increase when the soil tested 'medium' 
or igh' . 
Many results have indicated positive responses to applied P. Howell 
(1954) reported that increase in P level from 2 to 10 ppm in a greenhouse 
experiment resulted in a greater yield of all varieties used. At 196 
lb/acre P^O^, and 196 lb K^O/ac- Miller (1960) obtained significant in­
crease in yield of grain. deMooy (1965) recognized positive responses 
to 250 lb ? in production surfaces at K levels of more than 400 lb K/ac, 
but these were not statistically significant. However, in the pot experi­
ments, P responses were dominant and were of the order of 100% when 300 
lb P and 400 lb K per acre were applied. In field varietal studies, 
Peterson (1967) reported both positive and negative responses to appli­
cation of 500 lb P per acre. 
Reports of depressive effects of applied and soil P are many in the 
literature. Bureau, Mederski and Evans (1953) obtained a yield depression 
by application of 50 lb per acre. Also increased levels of soil P 
showed an apparent depressing effect on soybean yield. These results may. 
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however, have been conlounded by thi; blanket application of 8 tons of 
manure per acre in addition to the treatments. In the experiment by 
Welch et al. (1949), application of 50 Ib/ac depressed yields in 
soil testing 175 lb per acre. In the 1958 experiments 1 and 2 of 
Miller (1960) high rates of P alone or with low rates of K depressed 
yields far below those of control plots. In these experiments with high 
P levels, it becomes difficult to differentiate between depressions of 
yield caused by P toxicity, per se, and those resulting from the antago­
nisms between P and other elements. Thus in Miller's experiment the 
observed depression may have been due to P-induced K deficiency. 
With all the confusion that presently abounds no conclusive or 
dogmatic statements can be made as to the yield responses to fertiliza­
tion with phosphorus. One response that is nearly consistent is the 
stimulation of nodulation by P. Applications of rock phosphate at 130 
and 300 lbs/acre stimulated nodulation (Heltz and Whiting, 1928). Im­
provements due to P are reflected in nodule numbers, weight and leghemo-
globin content of the nodules; maximum nodulation requires very high P 
levels and coincides with P rates calculated for maximum seed yields. 
However, some reports such as those of Fellers (1918), and Hutchings 
(1936) indicate that increases occur only in the presence of added cal­
cium. 
3. Responses to potassium fertilization 
Fertilization is often more rewarding with K than with P. Rogers 
et al. (1971) has given results of an experiment at Auburn in which rates 
of K from 0 to 99 lb/acre were applied annually for three years. Yield 
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increases were obtained for each increment of K up to the maximum used in 
another experiment at nine other locations, no response was obtained on 
six of the areas where the soil tested "medium" or "high" in K but definite 
yield increases were obtained on three soils testing "low". Earlier, 
Nelson, Burkhart and Colwell (1945) had shown that addition of 60 lb K^O 
to a Coxville very fine sandy loam very low in exchangeable K and Mg, 
on the average resulted in a four-fold increase in yield of the varieties 
used. Such yield increases due to K addition have also been corroborated 
(deMooy, 1965; deMooy and Pesek, 1969, 1970; Lin, 1965, and Miller, 1960). 
According to Ohlrogge (1960) consistently large increases in yield 
are measured on almost all K-deficient soils of the southeast. In the 
midwest, responses have not been as consistent; this apparent discrepancy 
may be explained by the fact that most midwestern soils are not as depleted 
of K as the southeastern soils. 
Nelson et al. (1945) attempted to determine the specific effects of 
K and Mg deficiency on pod formation and retention, number of cavities 
per pod, degree of filling and seed size. Additions of K more than doubled 
the number of pods per plant and enhanced pod retention until harvest. 
The degree of filling and seed weight were significantly improved. 
Heltz and Whiting (1928) reported enhanced nodulation due to K when 
used in amounts which were not inhibitory to germination. Increased 
nodule numbers due to K were reported by Perkins (1924). deMooy and Pesek 
(1966) indicate that maximum nodulation requires very high levels of 
applied P and K salts. At rates of 400 to 500 pp2m P and 600 to 800 pp2m 
K, the predicted nodule weight at the end of flowering vas tripled. 
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4. 3ifferentla 1 responses to applied phosphorus 
Reports of differential responses to applied fertilizers for many 
crops and fertilizer combinations are rampant. It has been shown that 
some varieties within species are more sensitive to heavy fertilization 
while others are more tolerant (Voss, 1963; Millikan, 1961; Brown, 1961; 
Osada, 1964, 1966). These differences in tolerance may be due to differ­
ences in absorptive power of the roots, inactivation of the absorbed 
nutrient elements of differences in translocation mechanisms in the plant 
1,3rown, 1961; Khader and Wallace, 1964; Odurukwe and Maynard, 1969; 
Siddulph and Woodbridge, 1952). 
Howell (1954) reported the results of an investigation into the 
effect of level of P in the nutrient solution on several agronomic and 
chemical characteristics of soybeans. His results indicate that the 
varieties differed markedly in their response to ? over a wide range of 
? treatments. "Chief" plants continued to show an increase in yield and 
number of nodes at high concentration whereas the growth of "Il":ini" 
plants was drastically curtailed at 50 or 112 ppm. ?. This work was pre­
liminary to another in which Howell and isernard i 196 ] screened forty-four 
varieties and grouped them into five categories according to their 
response to high P in nutrient solution. In comparing "Chief" and 
"Lincoln" soybeans at rates varying from 0 to 4,400 lb P/'acre, Fletcher 
and Kurtz i' 1964"t noted that the varieties were similar in their ? responses, 
mineral composition and dry weight to around 870 lb/acre added ?; higher 
levels of ? were better tolerated by "Chief" than by "Lincoln". Howe ils' 
classification of varieties in the greenhouse has been verified in the 
field I'Dunphy et al., 1966 ). This ability to respond was exhibited 
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consistently through different years, and there was a positive correla­
tion between responsiveness and yielding ability. The finding of consis­
tent response over time is not generally the rule for some varieties. 
This may be due to interactions of P with soil and climatic factors. 
Differential responses among 355 plant introduction lines to applied P 
were reported by deMooy (1965). Nutrient contents and nodulation responses 
were also differentially affected. However, it was not established that 
the lines were superior in yielding capacity to the present commercial 
and named varieties. deMooy's findings were verified by Peterson (1967) 
for some of the varieties. In his experiments some of the lines were as 
high yielding and responsive as the commercial varieties used as checks. 
Having determined that differential genotypic responses existed in 
tolerance to high levels of P fertilizer, the next logical step was to 
investigate the mechanism for these differential effects. One of the 
questions posed by the works of Howell and Bernard (1961) was the nature 
of the metabolic attributes that enable some varieties to be tolerant and 
to even grow more rapidly on P levels which were detrimental to other 
varieties. This question was partially answered in the article by Foote 
and Howell (1964). By using reciprocal grafts of "Chief" and "Lincoln" 
(tolerant and sensitive varieties, respectively) stems and roots, it was 
determined that the critical genotypic difference resides in the roots. 
The tolerance of the tolerant variety was due primarily to a reduced P 
accumulation. The tops of the sensitive variety accumulated less P when 
grafted to roots of "Chief", while "Chief" developed P toxicity symptoms 
on medium P nutrient solution, when grafted to the roots of "Lincoln". 
Not much work has been reported on the inheritance of tolerance of, 
or susceptibilicy Co high Levels oi P in the nutrient medium. However, 
Howell and Bernard (1961) believe that "Lincoln", which has been widely 
used as a parent in the development of the present commercial varieties 
is the source of the sensitivity. Hence, all the varieties classified as 
slightly sensitive to very sensitive have "Lincoln" in their parentage. 
A distinction between tolerance and sensitivity to high P levels may, at 
first glance, seem inconsequential. 3ut a closer look leads one to 
believe that incorporation of tolerance to high P in soybean varieties 
should be a desirable goal in soybean breeding programs. This may not be 
quite so apparent when one is operating in the response and plateau portions 
on the yield-response curve, as in soils testing low or medium in P. 
However, at yield depression or toxicity ranges of this nutrient, a toler­
ant variety has a decided advantage over a sensitive variety. As shown 
by Foote and Howell (1964), the reduced absorption of P by the tolerant 
variety at high P levels is the source of the tolerance. Thus, a possible 
nutrient imbalance may be induced by excessive accumulation of P relative 
to other nutrients at levels higher than normal to combat the deleterious 
effects of the "P toxicity" syndrome, one of which is an undesirable 
yield reduction. iîesides the possibiliLy Lliat such nutrients may be 
present in limited concentrations in the growth medium, such compensatory 
accumulations are wasteful. 
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3. Rate of Net Photosynthesis (Pn) 
1. Genotvpic, age and positional variations, and heritabilitv of net 
photosvnthetic (?n) rate 
There is a large body of evidence to support the existence of differ­
ences in rates of Pn among genera. These differences are not surprising 
at this level in view of the great genetic diversity. The magnitude of 
the differences among genera is large relative to the aboslute net 
photosynthetic rates. Gaastra (1959) investigated the effect of environ­
ment on the Pn activity of crop plants of several genera. He observed 
considerable differences in gross photosynthesis of nine species, where 
gross photosynthesis is defined as the sum of net photosynthesis and dark 
respiration. Sl-Tabbakh, Massengale and Kesketh (1965) observed highly 
significant differences in rates of Pn among several genera of forage 
grasses and legumes; maximum rates for the legumes ranged from 30-60 mg 
-2 -1 
CO^'dm -nr , wnereas the maximum values for the grasse: v^re rrom i5-30 
-2 -1 
mg CO^-dm . hr . ilesketn i' 19 6 3 suggested that the conductivitv for CO, 
and factors associated with the dark reaction were the critical factors 
in the differences in Pn among species, since increase in Pn per increase 
in CO^ at low C0_ concentrations varied with the productivity of the 
species. Experimental data among species suggested that as the number 
of stom.ata on the top surface of the leaf approach zero, Pn is generally 
limited or depressed (^El-Sharkawy and llesketh, 1964;. Subsequent data on 
sorghum suggested a much less limitation on net photosynthesis as stomatal 
numbers decrease. In anatomical studies of leaves of species with differ­
ent photosynthetic characteristics, it was found that tropical grasses 
had a larger ratio of internal cell surface exposed to air over cell volume 
(El-Sharkawy and Hesketh, 1965). Other species studied showed a leakage 
of respiratory CO^ out of the leaf in zero CO^. They also showed a nega 
tive relationship between photosynthesis and the average diameter of 
pallisade of mesophyll cells. 
There are differences in rates of Pn among different ectotypes, 
which may be a consequence of natural selection for specific environ­
ments, thus helping a species to adapt to its own ecological nich. 
oarua il9ô4) found that tea leaves from four different sources varied in 
their Pn response to different light flux densities. These differences 
were inexplicable in terns of thickness of the leaf lamina or chlorophyl 
concentration. The effect of shade adaptation on the subsequent rate 
or assimilation was examined and it was found that the shade-adapted 
leaves or umbrophiles, had significantly higher rates of photosynthesis 
at the weakest light intensity and lower rates at the higher intensities 
than the corresponding sun-leaves (heliophiles). 
ijSrkman and Holmgren (1963) investigated the ?n and adaotability 
oi the pnotosynthetic apparatus of species of So 1idago virgaurea (L), fr 
exposed and shaded habitats to light flux density. The Pn and the 
chlorophyll content of a shaded species were low when grown under high 
light conditions; the chloroplasts of the shaded habitat plants were 
paotoiabile in strong light and became fragmented and irregularly shapea 
Rodinov (1963) obtained data on the rate of Pn and respiration during tr 
vegetative period of cultivated, semi-cultivated and wild tomatoes of 
different geographical and ecological origins. During the first half or 
14 
the vegetative period C 0^ was absorbed by the leaves of early ripening 
varieties and semi-cultivated and wild varieties. During the second 
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half of the period, the situation was reversed. 
Milner and Hiesey (1964) have reported differential responses to 
Light and temperature among six climatic races of Mimulus cardinalis. 
Dough. Temperature optimum for Pn was 30°C, with the range from 0-49"C, 
Tne ability to photosynthesize efficiently at high and low temperatures 
appeared to be linked with the length of the growing season. The 
shorter season races showed the greatest differences in efficiency at the 
two temperature extremes. Similar results have been reported in rice where 
short-duration or early-maturing varieties showed higher ?n activity 
during the early growth stage. Also rates of increase in Pn with 
increasing X application was higher in varieties adapted for heavy ferti­
lization \Osada, 1964, 1966; Osada and Murata, 1965b). 
The findings of Cooper (1963) of maximum leaf growth at 20° in five 
latitudinal races of lolum taken along with the observation of maximum 
photosynthesis at 30^ in six races of Mimulus suggests a common optimum 
temperature for vital processes among the varieties •••irnin ?r.e 
species. Against this, however, Mooney and Billings fquoted from Milner 
and Hiesey, 1964) found that latitudinal races of Oxvria digyna showed 
clear differences in their temperature for maximum photosynthesis. Two 
Alaskan races had maxima at 15° to 19°C whereas two California and Colorado 
races had maxima at 30" to 40^ C. They also differed in their saturating 
light intensity at 20° C. This would tend to support the suggestion by 
Cooper that the pattern of vegetative growth of climatic races under 
controlled light and temperature usually proves to be closely related to 
their climatic origin (Cooper, 1963). 
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a. Varlétal differences There are very large inter-varietal 
differences in rate of net photosynthesis although the magnitude of the 
variability is much less than on the species level. Differences of 
about 100-200'': were reported among inbred, hybrid and open-pollinated 
varieties of maize grown in temperate and tropical climates i.Heichel 
and Musgrave, 1968, 1969). 
Avratovscukova <1968) measured systematic and highly significant 
differences in photosynthetic rates of leaf discs from five varieties of 
tobacco. Three of the varieties investigated were characterized by 
very close values and differed significantly from the remaining two 
varieties. Rates of photosynthesis per leaf were different among ten 
varieties of sugar-cane in a replicated field trial (Irvine, 1967). 
Relatively stable varietal differences were obtained between early and 
late maturing rice varieties (Osada, 1964, 1966; Osada and Xtirata, 1565a;. 
Criswell (1968) obtained significant differences in leaf photosynthesis 
among nineteen genotypes of oats. However, in view of the large varia­
tion associated with leaf measurements and the limited number of repli­
cations he believes these differences are questionable. Differences in 
ploidy level were apparently not associated with photosynthetic rates in 
any manner. Intervarietal differences in other crops have also been 
reported, e.g., in Phoseolus vulgaris, L (Izhar and Wallace, 1967;, 
Med icago sativa , L and Tr ifolium re pens, L (V-'ilfong, 3rown and Uaser , 
1967). 
Reports on varietal differences in net photosynthetic 
rates in soybean are many and consistent. 3run and Cooper fl967) obtained 
higher photosynthetic rates in "Hark" variety than in "Chippewa-64" at 
45 of 48 light intensities and CO^ concentration combinations. Curtis 
and Ogren (1968) determined photosynthetic rates for 36 soybean varieties. 
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The rates ranged from a low of 12 mg OC^/dm /hr in "Patterson" to a high 
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of 24 mg CCL/dm"/hr in "Richland" at saturation light intensity determined 
to be 4,030 ft-C. "Hark" photosynthesized at a significantly higher rate 
than either "Chippewa-ô4" or "A-1000" in tests by Dreger, Brun, and Cooper 
(1969). Other data indicating significant intervarietal differences in 
rate of net photosynthesis have been reported I'Dornhoff, 1969; Dornhoff 
and Shibles, 1970; Ojima and Kawashima, 1968; Osada and Murata, 1965a). 
b. Age and position of the leaves on the plant There are large 
variation in inter- and iatra-plant photosynthetic rates ^Dreger, Brun 
and Cooper, 1969). The se may be related to the conditions of measurement 
such as light, temperature and carbon dioxide concentration, and most 
important, the ages of the leaf and the plant. Keichel and Musgrave 
(1968^ observed a considerable amount of biological variation among plants 
w i t h  c e r t a i n  s y n t h e t i c  c h a r a c t e r i s t i c s .  I n  s o y b e a n s .  < s  
stem have a higher rate than branch leaves and the maximum value of photo­
synthetic activity of each leaf increases with the rise of the position 
of the leaf on the main stem I'Kum.ura and Xaniva, 1965 ). Ojima and 
Kawashim.a (1968) in tiieir experiment with soybeans obtained a coefficient 
of variation of 5-25 _ in the photosynthetic rates among plants of 
different varieties, and less than 20% with variety variation. 
Dornhoff and Shibles (1970) reported that soybean leaves developing 
later during the season showed higher rates. Young, undeveloped rice 
leaves were less active, but attained the highest activity at full maturit 
declining slowly thereafter with increasing age. These changes were 
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closely correlated with those of respiration (Muraca, 1961). His obser­
vations are in accord with those of Xevins (1965) in sugar beets, Ojiir.a, 
Fukui and ^atanabe ,1965) in soybean and Brown et al. <19661 in alfalfa 
where bottom leaves were half as efficient as top leaves and were satu­
rated at lower light intensities. 
Nixon and Wedding (1956) and Singh and La 1 (1935) have also reported 
differing net photosynthetic rates resulting from the age or position of 
the leaves on tr.e plant. Thus in general, it seems as though the highest 
rates are obtained at full expansion of the leaves, after which senescenc 
ta s toll of net photosynthesis. The lower rates of young expanding 
le. Lave been attributed to a higher respiratory rate, low capacity 
re. _ances consequent on late development of intercellular spaces fXevin 
1965), Free land (1952) attributes the decrease in photosynthetic rates 
or all species of conifers after full leaf expansion to a decrease in the 
activity of the chloroplasts with age. 
c. Heritabi1itv of photosynthetic rates On the assumption that 
higher photosynthetic rates are a pro-requisite for higher economic 
yields, increasing the photosynthetic rates of crop plants to the utmost 
is a desirable goal. With breeding it may be possible to increase ?n 
rates to levels appreciable higher than what we presently have. Tine re is 
currently no universally accepted theory as to the mode of inheritance of 
net ?n rates, Fousava and Avratovscukova (1967) studied the ?n rates of 
lear discs (PRLD) of four inbred lines of maize and their hybrid genera­
tions F F 3, and 3_ for five successive vears. Thev observed a 
i Z L 2 
positive correlation between hybrid vigor and rate of photosynthesis. 
The inheritance of Pn was studied by Martin, Wallace and Ozbun '1970) 
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through the third generation of the "Redkote" x "Michelite-62" cross of 
Phaseolus vulgaris. Their data indicate genetic segregation; however, 
the regression coefficients of progenies on the means of the F^ parents 
were low, indicating low heritability. Using "Red Kidney" x "Michelite-
62" cross, their F^ and F^ generations and a backcross to "Red Kidney", 
results from Izhar and Wallace (1967) had indicated that the genetic 
mechanism controlling the varietal differences in net CO^ exchange rate 
was quantitative and that relatively few genes may be involved. There 
was some dominance for the low photosynthetic efficiency of "Red Kidney". 
In tomatoes, depending on the crossed pair, the rate of photosyn­
thesis was found to approximate that of the maternal plant, or in some 
cases was higher than that of either parent plant. Ojima, Fukui and 
Sakamato (1968) observed that the frequency of occurrence of improved 
varieties of soybean showing high photosynthetic rates increased in the 
cases of combinations with parent varieties of high rates. The photo-
synthetic capacity of of "Norin-1" x "Harosoy" was lower than that of 
"Harosoy" but showed no significant difference from that of "Norin-1". 
The photosynthetic rates of the F^ of the reciprocal cross between 
"Harsoy" and "Manchu" was also lower than that of "Harsoy" but not 
significantly different from that of "Manchu". This would indicate 
that the low heritability of photosynthetic capacity of "Norin-1" and 
"Manchu" was the dominant factor (Ojima, Fukui and Mikoshiba, 1969). 
The photosynthetic rates of F^ generations of the above crosses also 
indicated that the mechanism of inheritance of photosynthetic capacity 
is quantitative. 
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2. Minera 1 nutrition and net photosynthetic rate 
Under conditions of adequate light, CO^ flux and water regime, it 
is almost axiomatic that rn may be limited by the mineral nutrition of 
the plant. Perhaps this notion has been taken so much for granted that 
relatively little work has been done on this aspect of crop physology. 
Consequently, there is a dearth of consistent data on the subject. Most 
reports of significant correlations between rates of photosynthesis and 
chemical compositions of plants have come from experiments in which these 
inter-relationships were only incidental in the investigation. 
Of the major nutrients, K has been the most investigated. Briggs 
as early as in 1922 reported a depressed 0^ evolution by bean leaves 
under conditions of restricted K levels in both low and saturating light 
conditions. Similar results with barley leaf tissues were reported by 
Gregory and Richards (1929) and Richards (1932). There was a general 
tendency for a positive correlation between CO^ uptake and leaf K for 
K^O values less than 1%. In investigations of the effect of K treatment 
on photosynthesis, Eckstein (1939) indicated that the positive effect of 
K on the rate of CO^ uptake was a function of the K status of the plant 
relative to N and P. High rates of N, P and K resulted in maximum response, 
but a combination of low K, high P and high N application was detrimental 
to photosynthesis. Assimilation reached its maximum in the plants re­
ceiving 25 mg K20/pot in conjunction with low basal dressing of N and P. 
In the series receiving high basal dressing, the maximum was not reached 
until K application was increased to 250 mg K^O/poi. Alten, Goeze and 
Fischer (quoted in Jackson and Volk, 1968) showed that under limiting N, 
there was an increase in photosynthesis as K supply was increased, but at 
progressively higher rates of K, the photosynthetic rates were depressed. 
With high X supply, there was no depression at high K levels. 
More recently, Murata and Osada (1959) have reported that in rice 
leaves K becoT?.es limiting only when both X and P are abundant. In tung 
seedlings a reduction in K content to about .55"'. which is in the defi­
ciency range, failed to produce deficiency symptoms but reduced the rates 
of apparent photosynthesis (Loustalot, Gilbert and Drosdorf, 1930). Simi­
lar stimulatory effects of K on rate of photosynthesis have been reported 
in maize leaves (Moss and Peaslee, 1965), and in sweet potato I'Tsuno and 
Fujise, 19ôi, 1965). Not all reports fit into a simple pattern of signif­
icant correlation between K content and rate of photosynthesis such as a 
correlation coefficient of .789 to .940 in sweet potato and .61 in alfalfa 
I'Cooper, 3laser and .îrown, 1967). In soybean, which is the only exception 
so far reported, such positive correlations seem not to be the rule. The 
rate of photosynthesis of non-nodulating soybean "T 201" was not influ­
enced by the K supply (Ojima, Fukui and V.'atanabe , 1965). 
The effects of high K content on photosynthesis are largely in­
direct, Cooper et ai. i1967) have shown that an effect of K on alfalfa 
was to increase leaf size and number, leaf area/leaf weight ratio, number 
and size of epidermal cells/leaf, stomatal aperture and number. A decreas 
in stomatal apertures in K deficiency was reported in maize 'Peasiee and 
Moss, 1966). There is indication that leaves from plants treated with 
K had lower CO^ compensation points. This would enhance the efficiency 
of CO^ assimilation under limiting CO conditions ('Cooper et al., 1967,). 
The greater stomatal numbers with larger apertures could cause higher 
photosynthetic rates since the diffusion rate of CO from the air to 
the subscomatal cavities depends on the stomacal resistance, the aperture. 
Since stomacal development is checked under drought conditions the reduced 
stomatal aperture size in K deficiency may be due to the role of K in 
the development of turgor. 
The literature on photosynthetic rates does not concain much on its 
relationship to P levels, but present indications are that the relation­
ship is an inconsistent one. 'ivhile N'atr (1970) reported that ? increased 
the rate of C0_ absorption by segments from P deficient barley plants, 
Tsuno and Fujise (1965) and Ojima et al. ''1965 ) indicated chat Che rate of 
photosynthesis is not affected by the ? in sweet potato and soybeans, 
respectively. The correlation reported for sweet potato ranged from .460 
to .539. In rice, ? was limiting on photosynthetic rate only when a and 
K were in abundance iMura ta and Osada, 1959; Mura ta, 1961;. 
All available information points to a close relationship between % 
content and photosynthesis (Loustaiot et al., 1950; Murata. 1961. 1969: 
Mnrata and GaaJa, iV59; Xatr, 1970; Osada, 1966j. Tsuno and Fujise 1965; 
obtained significant coefficients of correlation of .631-.698 in potatoes. 
It would appear that the photosynthetic response of different species and 
varieties is dependent on the adaptability of tb.e varieties to fertili­
zation. At higii X levels, the rate of piiotosynt;~.c s is la greatest in 
varieties of rice that are more adapted to heavy manuring; rates of in­
crease in respiration and ;e:if area is greatest in ill-adapted varieties 
vOsada, 1964, 1956). Tne photosynthetic rate of "Wayne" soybean was 
identical when grown in vermiculite, in sterilized soil or in soils of 
medium ana hign productivity 'Curtis et al., 1969;. When supplies jf 
? and K are higher than their normal levels, the photosynthetic activity 
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of rice leaves cannot be varied markedly, at least in the earlier half 
of the growing stage however much the nutrient ratios may vary, vMurata, 
1969). Kevins' work 1965) shows that nitrogen deficiency in sugar beets 
reduced photosynthetic rates in mature leaves. This reduction was a 
result of dark reaction activity, increased diffusion resistances and an 
increase in the leaf sucrose content. 
3. Temperature. sink-source relationships and photosynthesis 
The optimum air temperature for photosynthesis in soybeans has been 
reported variously as 25-30°, 28-35° and 35°C (Jeffers and Shibles, 1969; 
Dornhoff, 1969, 1971), indicating a safe range of 25-35°C. The effect of 
transplanting sugar cane plants from 24°C to 16°C was to greatly retard 
the race of photosynthesis of developing leaves; low rate of photosynthesis 
_9 
IlO mg CO^.dm .hr ) were associated with severe depression of apical 
internode elongation, increased sugar levels in the apical internodes 
and a marked increase in stomatal resistance 'Glasziou and iu11, 1971). 
In a previous experiment r.-.'aldron, Glas/.iouand Sull, 1967) the reversible 
loss in photosynthetic efficiency was attributed to a metabolic imbalance 
induced by environmental shock, in this case, low temperature shock. 
Carlson and Pearce 1.1967 ) found that the photosynthetic rates of leaves 
of pangola grass, a warm season grass, conditioned at 20 and 30°C were 
identical when tested at each of 10, 20 and 30°C. However, leaves condi­
tioned at i0°C did not respond to temperatures of 20° and 30°. This lack 
of adaptability has been associated with an apparent damiage of the pr.oto-
synthetic mechanism at low temperatures. In investigations of the leaf 
photosynthetic rates of seven varieties and strains of forage grasses 
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and legumes, highly significant differences were obtained among species 
and dates (six dates, April 6-June 30); the differences in dates were 
associated with temperature. The rates for legumes ranged from 30-60 mg 
- 2 - 1  o  .  
CO -dm -hr with the maximum values occurringat 27 C. Maxima ior 
grasses occurred when temperature was lowest 22°C (El-Tabbakh et al., 
1965). 
Tne effect of the temperature regime on the rate of photosynthesis 
may be exerted via its effect on the rate of translocation which is in­
timately related to the photosynthetic rate. Kofstra and Nelson '1969; 
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indicate that the rate of translocation and the total amount of -
labelled assimilate moving out of the fed area of leaves of corn seedlings 
increased as the temperature was increased from 8° to 2ô°C and decreased 
with decreasing temperatures. The phenomenon of end product inhibition 
may be invoked to account for the depressed rates of photosynthesis at 
low temperatures. Hart (1963) reported a decrease in absorption of CO^ 
by leaves of sugar cane with tiig'n pngar c-r^nter.t; the acc^^ulaulun of 
sucrose in leaves during the day was implicated in the inhibition of 
photosynthesis. The assimilation of leaves under high light intensities 
may be restricted by their inability to store products cf photosynthesis 
v3urt, 1964). '••.'ent vI95S) cites examples in w'nicii t'ne I eve ] of light 
necessary to produce light saturation in tomatoes may be rcduced by sub­
jecting the plants to supra- or sub-optional night temperatures or by root 
pruning. These practices retard utilization of current photosynthete and 
thereby reduce the photosynthetic rate during the day. .-jecause of the 
partial reversal of the inhibition due to stored sucrose by increased Lea: 
water potential, Clasziou and 3ull ''1971 j feel that the only link between 
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sucrose level and photosynthetic depression is via an effect on leaf water 
potential. Warren-Wilson (1966) reviewed evidence in relation to data 
collected from experiments in which Oxyria digyna was grown in the Arctic 
and in England in summer where the mean temperatures were 4.03° and 19.03°C, 
respectively. In the Arctic both the net assimilation rate and the rela­
tive growth rate were depressed to one-third of the values for a temperate 
climate, although the daily radiation in the Arctic was higher than that 
in the temperate in the growth period used. Because the arctic plants 
had more than twice the sugar and starch content of the temperate plants, 
it does not seem likely that the restrictions in growth rates were due to 
a reduced assimilation rate. The restricted growth rates were attributed 
to a depression of respiration and new growth by cold temperatures, with 
the accompanying slow utilization and consequent accumulation of assimi­
lates to a level at which they depress assimilation to balance the rate 
of utilization. Milthorpe and Moorby (1969) place little credence on 
the operation of end-product repression of rates of photosynthesis by 
high assimilate concentrations in the leaves. Warren-Wilson (1966) has 
elaborated the following as a possible mechanism by which assimilates 
might reduce the rate of net photosynthesis : 
(a) Increasing the rate of respiration. 
(b) Reducing the number of light quanta reaching the chloroplasts. 
(c) Reducing the rate of chloroplast reactions in which NADPH^ and 
ATP are produced and CO^ is elaborated into organic compounds. 
(d) Reducing the CO^ concentration at the chloroplast. 
(e) Increasing the diffusion resistance in the leaf by reducing the 
stomatal aperture or by increasing the liquid phase mesophyll 
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resistance to CO. diffusion. 
The phenomenon of antagonism between the vegetative and reproductive 
phases of growth of the plant has been investigated widely. In many 
species, the completion of the juvenile phase may be associated with a 
slackening of the vegetative growth rate; this accounts for the attempts 
of the horticultural industry to encourage earliness in fruit trees by 
stimulating emergence from juvenility to maturity, flowering and retarda­
tion of stem growth. Xasr and Waring (1961) reported that in black 
current, stem elongation is completed at the onset of flower primordia 
initiation. With the onset of flowering or fruiting in tomato plants the 
growth rates declines steadily in inverse proportion to the amounts of 
flower and fruits set and developing; this decline in growth is reversi­
ble by defloration or fruit removal ('Murneek, 1926). 
These climacteric changes in the growth rate of plants are in many 
instances associated with changes in the rate of photosynthesis. In 
wheat le?-ve?, -••it" -'ncreaping f rhe p'anr individual leaves show 
increasing photosynthetic rates until the time of flowering after whicr 
the rates fall off rapidly, regardless of the age of the individual lé f 
(Singh and Lai, 1935). During the growing season the photosynthesis 
the whole plant increases up to the beginning of seed ripening and t:i. n 
declines i^Kumura and Xaniwa, 1965). Dornhoff and Shibles (1970) rep:/ted 
that soybean leaves produced later in the season show higher rates c 
photosynthesis. "Amsoy" and "Richland" showed higher rates c. photcsyn-
-9 -I 
thesis (,47.6 and 37.0 m.g CO..dm "-hr , respectively) when measured • uring 
- 2  
the seed-filling stage of development as against 23 and 24 m.g CO " "hr 
measured in flats of seedlings. They obtained a significant coefficient 
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of correlation, 0.80, between the rate of photosynthesis and days after 
June 30. winborn (1971), however, obtained a non-significant correlation 
between photosynthesis and stage of development. He attributed this lack 
of significance to the rates being sampled after the rates had reached a 
plateau, in mid-August. After day 50 the rate of net photosynthesis de­
clined due to senescence of the plant (Dornhoff, 1971). 
The fluctuations in photosynthetic rates coinciding with flowering 
stage and pod filling or fruit formation may be related to the demands, 
or absence of them, placed by the newly developing sinks on the photo-
synthetic apparatus. It has been suggested that photosynthesis is influ­
enced by the degree of translocation of photosynthetic assimilates from 
the leaves. Several instances have been cited in which the source photo-
synthetic activity may be linked to the availability of regions of assi­
milate utilization (Milthorpe and Moorby, 1969). The increase in photosyn­
thetic rate during pod-filling is interpreted as the response of the 
photosynthetic apparatus to an increased demand for assimilate, the demands 
of the developing seeds which now represent an additional sink ('Dornhoff 
and Shibles, 1970). Evidences implicating photosynthate utilization or sink 
size in the photosynthetic activity have been reviewed 'Burt, 196-; Eastin, 
1967 and Neales and Incoll, 1968). Kazaryan, dalagezyan and Karapetyan 
(1965) obtained results indicating that in a biennially fruiting apple 
variety, the photosynthetic rate of fruit-bearing trees was twice as high 
as that of non-fruit bearing trees of the same age, and leaves located 
close to the fruits photosynthesized at a rate higher than leaves located 
away from the fruit. 
The rates of photosynthesis are altered not only by the development 
of new sinks such as fruits and pods, but also by the alteration of the 
Leaf-root or Leaf-stem ratios, in short, anything that alters the source/ 
sink ratio. Increases or decreases in the development of roots of dvari 
bean, rice and sugar beet have been associated with corresponding increase 
or decreases in the net photosynthetic or assimilation rates (Humphries 
and Thorne, 1964; Mura ta, lyama and Tonma, 1965 ). Removal of sinks 
decrease rates of photosynthesis; two weeks after anthesis when the grain 
is rapidly filling, about 45% of the flag leaf assimilate of wheat is 
translocated to the head and about 12% to the roots and young shorts 
(King, .vardlav and Evans, 1967). Removal of the ear reduced the photo-
synthetic rate of the flag leaf by 507, within 3-15 hrs, and was accom-
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panied by a severely reduced excretion of C -labelled assimilates from 
the flag leaf. The results suggest that, at least in this system, photo­
synthesis in the flag leaf is regulated directly by the demand for the 
assimilates from the flag leaf and not indirectly through the action cf 
auxins produced by the sink organs, because the application of 7T r 
the culm below the ear inhibited auxin movement through the culm but had 
no influence on flag leaf photosynthesis. Moss i'1962) reported that the 
photosynthetic rates of several determinate tomato plants which had been 
defruited was only 127 of their rates prior to Lruit removal. 
'."nere the size o f  the source, rather than the sink, has been de­
creased, the results are the reverse of the above. Partial defoliation 
of plants markedly stimulate the rate of photosynthesis in the remaining 
leaves. This increase compensates for loss of part of the photosynthetic 
apparatus and is a response to the demands of the sink. Currently, two 
mechanisms and their combinations have been invoked to explain the corre­
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lation effects of the sink on the source. Wareing et al. (1968) observed 
chat a reduction in the size of the green foliage in beans and maize 
stimulated the activities of the respective carboxylating enzymes in the 
remaining leaves. This has prompted the hypothesis that partial defolia­
tion stimulates the synthesis of enzymes and proteins. This is envisaged 
CO be a consequence of reduced competition for nutrients or growth factors. 
i . Processes limiting the net photosynthetic rate 
Three main processes may be limiting to photosynthesis: fa) diffu­
sion of CO^ from the external air to the chloroplast reaction centers; 
(b) a photochemical process in which light energy is converted to assimi-
latory power for the reduction of CO^ and (c) a biochemical process which 
culminates in Che formation of carbohydrates (Gaastra, 1962; Bierhuizen 
and Slayter, 1964). The photochemical process is light-dependent and in­
dependent of C0« concentration or temperature, whereas the biochemical 
process is strongly temperature-dependent, light-independent and for the 
most part CO^-independent. The biochemical and photochemical processes 
have been reviewed in depth by Criswell (1968) and Dornhoff ^1969). 
Discussion of these pathways will, therefore, be omitted. 
The influx of C0„ into the leaf is a function of three main onvsicai 
2 • -
resistances: The resistance of the outside air near the leaf surface fr J 
or laminar resistance, the resistance through the stomata and substomatal 
or intercellular spaces to the mesophyll cell walls fr ) and the resistance 
to diffusion in the mesophvll cell walls or matrix resistance ) 
m 
(3ierhui7.en and Slayter, 1964). Under steady state conditions, the rate cf 
photosynthesis, ?, is proportional to the difference in CO^ concentration 
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in the bulk air and in the chloroplasts, and inversely proportional to 
the over-all resistance encountered by the diffusing CO. according to 
ficrcs law I'Gaastra, 1962): 
? = (Co - Ci )/r ' -f- r ' -r r ' 
a s m  
Adhere Co and Ci are the external and internal CO concentrations and r^, 
r and r are resistances to CO. diffusion. The values of r' and r' are 
s m 2 as
determined by simultaneous measurements of transpiration and photosynthe­
sis. Since transpiration involves a water vapor gradient opposite in 
direction to C0_ gradient, it is assumed that transpiration involves 
gaseous phase resistances r and r which are related to r' and r' bv the 
as a s 
ratio of the diffusion coefficient of CO^ in air to that of water vapor 
in air, 
r,. , = 0 /D,, = 0.6 approx. at Normal Temperatures, 
/ r 2 ^9 
as long as the gaseous pathways for water vapor and CO are the same 
(Gaastra, 1962). Consequently, as long as the other variables can be 
measured or estimated, r', the resistance saecificallv associated with 
m 
photosynthesis can be determined from Pick's equation. 
'.vaggoner (1969) has successfully constructed a "rational" simulator 
of photosynthesis in a single leaf by incorporating the effects of light. 
temperature and CO upon light and dark respiration, stonatal resistance 
CO C0_ diffusion and photochemical ability. He presented the simulator 
as an electrical analogue. 
In sovbean and oats, it has been shown that r and r are small 
a s 
relative to r^ <Sierhuizen and Slayter, 1964; Dornhoff, 1969, 1971 :Criswel1 
1970). Thus, the effects of r and r on the rate of photosvnthes is are 
as " 
negligible except in stressed plants. The triviality of r relative to 
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has been derr.onstraned in several other species (Holngren, Jarvis and 
Jarvis, 1905). The concentration of C0« in the air is a measurable vari­
able, but the chloroplast concentration of C0_ is subject to estimation 
error. A value of zero is assumed for the latter variable under conditio 
of limiting CO^ (Gaastra, 1959). This assumption is based on the biochem 
cal evidence of irreversibility of C0« fixation and the fact that the 
enzyme system is not operating at maximum capacity at relatively low 
atmospheric CO^ concentrations. However, Bierhuizen and Slayter (1964) 
suggested that CO. concentration at the compensation point is a better 
indication of the C0« concentration at the chloroplast fixation site. 
Brun and Cooper (1967) determined photosynthetic response curves to 
CO^ concentration and light intensity. At light intensities above 5,380 
lux, the photosynthetic rates of "Hark" and "Chippewa-64" soybeans were 
limited by the CO^ concentration of the surrounding atmosphere within 
the range investigated (270-1670 ppm). By increasing the CO. con­
centration to 800 ppm, and irradiance to 2.4 ly/min, rates in castor 
bean and tobacco equalled that of corn at 300 ppm. CO. and 1.25 ly/min, 
normal conditions (Hesketh, 1963). The interaction of CO. and light 
in CO. fixation in soybeans indicates that photosynthetic productivity 
may be limited by CO. concentration of normal atmosphere. Er-lching 
the CO. concentration of the air 0.1/ increased the rate of photo­
synthesis of uomato plants 2,4-fold (Bishop and Whittingham, 1968). The 
same phenomenon was observed in oats (Criswell, 1970). Linear increases 
the photosynthetic rates in response to increased CO. concentration have 
been observed in several crop species by Hesketh (1963), indicating that 
CO. diffusion path may be limiting photosynthesis. This is supported by 
the fact that CO. uptake at light saturation is dependent on the rate of 
dark reaction. Many florists and horticulturists have availed themselves 
of the idea fostered by the observation that leaves of crop plants are 
not saturated at 2-3 times the CO^ concentration found in the atmosphere. 
However, supra-optional C0_ concentrations are inhibitory to photosynthesi 
as has been demonstrated in higher plants and algae (iallard, 1941, 
Rabinowitch, 1951). Hesketh (1963) attributed this effect to an increase 
in diffusive resistance; Rabinowitch (1951) postulated a narcotization of 
the CO^ fixation enzymes and a change in the reaction of the cell fluids. 
Tnere is an association among diffusive resistances, photosynthetic 
rate and the physical structure and characteristics of the leaf mescphyll 
Higher rates occur in thicker leaves. Pieters (1960) obtained a signifi­
cant positive correlation between the maximum, photosynthetic rate and the 
thickness of the mesophyll of sun and shade leaves of Acer pseudoslatanus 
He suggested that there was a simple and direct connection between the 
development of the mesophyll and the enz;.—e system limiting ohctosvnthesi 
In sugar cane, the correlation between leaf thickness and photosynthetic 
rate was 0.77 Irvine, 1967 ). Significant correlations have also been ob 
tained in soybeans. In anatomical studies of leaves of species with 
differing photosynthetic characteristics,(El-Sharkawy and HesKeth, i955) 
observed a significant negative correlation between leaf thickness and 
photosynthetic rate (r = -.5). The leaf thickness may in this way accoun 
for some of the differences in rates among species and varieties, if it 
is assumed that diffusion paths are decreased as leaves become thinner, 
since in sucn a case, such correlation would be expected. However, resul 
of Dornhoff (1969) on soybean indicated the specific leaf weight {leaf 
weight per unit leaf area) or density thickness was positively correlated 
with leaf thickness, r = .73. Both were significantly and positively 
correlated with rate of photosynthesis. It was suggested that they may 
serve as indices of selection for high photosynthetic rates. In alfalfa, 
Pearce et al. (1969) obtained a positive correlation (r = .790) between 
S.L.W. and net photosynthetic rates of 13 clones. They discussed the 
possibility of increasing rate of net photosynthesis by selecting for 
S.L.W. S.L.W. was negatively correlated with mesophyll resistance. 
Mesophyll and stomatal resistances were also negatively correlated with 
rate of photosynthesis. This may suggest that varietal differences are 
mainly a result of differences in diffusive resistances. 
III. DATA ACQUISITION 
A. Materials and Methods 
Plant introductions used in the study were selected fro-, the set o: 
555 lines that had been screened by deMooy (1962). The following Pi's 
were used: SS.S05-2, 86.102, 70.242, 20.0479, 68.600, 91.150, 84.937, 
59.005-4 and 60.296-1. The introduction lines were originally obtained 
by courtesy of the Soybean Regional Laboratory at Urbana, Illinois. Four 
commercial varieties, 'Hark', 'Amsoy', 'Corsoy' and 'Harosoy' were in­
cluded for purposes of comparison. 
Previous work by Peterson (1967) indicated Pi's 86.102, 88.805-2, 
68.600, and 91.150 as high responding varieties, each of the lines res­
ponding to P by as much as 4 bu/acre grain yield. From the same survey, 
PI'S 20.0^79, 89.005-4, and 84.957 did not respond appreciably to ?; thes 
were therefore regarded as a logical contrasting set in investigations of 
P responses. In the 1971 experiment, both the determinate and indetermi­
nate isolines 'Harosoy' and 'Harosoy Dt^' were included to test the effec 
of the determinacy on responses. 
1. FieId studies 
For each of the experiments to be described the seeding was at a rat 
of 12 seeds/ft of row. Seeds were inoculated with commercial soybean 
inoculant. In addition to the chemical weed-killers, supplementary 
weed control was by wheel-hoeing and hand picking throughout the season. 
Lodging scores, plant heights and maturity dates were recorded for each 
variety at maturity, i.e., when 95% of the pods were brown C<aIton, '.-."eber 
and Eldredge, 1949). 
Two experiments were conducted in 1969 at Ogden, Iowa. One experime 
was designed to test for differences in response air.ong two Pi's, 91.150 
and 66.600, and a commercial variety, 'Amsoy' from 2 fertilizer nutrients 
? applied at the rate of 0, 33.6 and 504 kg/ha and X applied at 0 and 
224 kg/ha. 33.6 kg/ha of ? represents a possibly profitable level of 
fertilization and the 504 kg/ha was selected from previous experience 
that very high rates of P and K are required for maximum yield of soy­
beans (deMooy, 1965j. The X was applied in bands at a depth of 24 inches 
using injector knives spaced 30 inches apart; X was injected as a solu­
tion of ammonium nitrate in an equal weight of water. A basal dressing 
or 280 kg/ha of K was applied broadcast and ploughed under. 
The design was a split-plot with fertilizer treatments as main-plots 
and the three varieties as sub-plots. .All P x X treatment combinations 
were made. The sub-plots were randomized within the main-plots. The sub­
plot size was 40' x 15'. There were six rows suaced 30" apart. Three 
rows were used for sampling of plant material during the season. One rov. 
was selected at random and reserved for a yield test at -aturity. Tr.e 
two outside rows served as border rows. This basic set up was reproduce! 
in four replications. 
Planting was done on June 7 and Amiben was used as herbicide. L^eaf 
samples were taken for chemical analysis at stages 3, 5 and 7 as defined 
by Kalton, '.veber and Eldredge fl949^. Each leaf sample consisted of 15 
most recently matured upper leaves, one leaf taken from randomly selects 
plants in the row. Plants were cut off at ground level from. 5 ' of row 
froTT; each sub-plot and separated into leaves, stems and petioles. Differ 
rows were taken for each of the sampling stages. Because the separation 
was time-consuming and could not be completed immediately, the samples 
were stored in a cooler at lO^C for separation at a convenient time. Tne 
parts were dried at 65°C in a forced air drier, weighed and the total 
weight/5' determined from the combined weight of the individual parts. 
The leaf'stem ratio was determined as weight of leaf/weight of stem. 
Due to an unfortunate and untimely hail storm that occurred in the 
experimental area one week before the scheduled harvest no grain yield 
data were obtained for this experiment. 
Another experiment was conducted simultaneously at the same site with 
applied ? and K as variables to test for differential response among ?I 
lines and commercial varieties. The objective was to compare the response 
of the introduction lines and commercial varieties to ? and K applied at 
high rates. Nine plant introduction lines, Pi's 86.102, 91.150, 70.2-2, 
84.957, 20.0479, 89.005-4, 88.805-2, 60.296-1 and 68.600 and three named 
varieties, 'Hark', 'Amsoy' and 'Co •soy' were tested. 
The design was split-plot with ? at two levels, 0 and 504 kg/ha and 
K at 0 and 560 kg/ha as main-plots and the varieties as sub-plots. The 
fertilizers, concentrated superphosphate and muriate of potash were broad­
cast and ploughed under. Each sub-plot consisted of two 30' rows 40'' 
apart. There were no border rows because of the limited supply of seed. 
The design was repeated in four replications. 
Planting was done on June 3. As in the 3-variety experiment, Aniben 
was the weed-killer. Germination was very poor due to drought and presenc 
of large clods of dry soil. Leaf and dry-weight samples were taken at 
full bloom and leaf/stem ratios determined as before. No yield test was 
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made due to hail damage. 
In 1970 a 2 X 2 X 2 factorial experiment was conducted with each of 
tne factors N', P and K applied at two levels and using eight of the nine 
PI'S that had been tested in 1969. PI 20.0479 was not included for lack 
of sufficient seed. 'Hark' was the only commercial variety included in 
the experiment. X was applied as ammonium nitrate at rates of 0 and 75 
kg/ha, ? as concentrated superphosphate at rates of 0 and 504 kg/ha and 
K as muriate of potash at 0 and 672 kg/ha. The fertilizers were spread 
by means of a fertilizer spreader during the spring and disked in. 
The experiment was conducted at university-owned land in Ames on 
Clarion-webster soil testing low in both P and K. P levels were the 
main-plots, X and K levels comprised the sub-plots and the varieties the 
sub-sub-plots. All treatments were allocated at random. Main-plot size 
was 360' X 50' and sub-plot size 90' x 50'. Each sub-plot consisted of 
five 30' rows with 40" row spacing. Soil samples were taken from each 
sub-olct prior to fertilizer application for chemical analysis and use 
as covariates in statistical analysis. 
Planting was spread out from May 21 to Miay 28 because of heavy rain 
that occurred in the intervening period. Amiben was used as herbicide. 
Leaf sampling was done at stages V-2.5, and V-4.5 from the two inner rows: 
dry-matter samples were removed at stages V-2.5, V-4.5, V-8.5 and R-5.0 
as defined by Fehr et al. (1971). Leaf and dry-matter sampling methods 
were as described for the 1969 experiment. Seed yield in kg/ha was com­
puted from 15' of test row in each sub-sub-plot. Ilie samples were weighed 
after drying for several weeks on benches in the warm greenhouse. 
A 3 X 3 factorial experiment was conducted in 1971 adjacent to the 
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field used in Ames in 1970. The fertilizer variables were ? and K applied 
at the rate of 0, 56 and 224 kg/ha and 0, 112 and 672 kg/ha, respectively. 
A split-plot design was used with P as main-plots, K as sub-plots and 9 
varieties and introduction lines at the sub-subplot level. In addition 
to Pi's 91.150, 86.102, 89.005-4, 60.296-1, 70.242 and 88.805-2 'Hark' 
and the determinate and indeterminate isolines of 'Karosoy' were used. 
The results of the 1970 experiment did not show any appreciable response 
to the fertilizers; it was feared that the higher levels of P and K used 
that year might be in the toxicity regions of the response curve. Hence 
the inclusion of an intermediate level of each of ? and K. Sub-subplots 
were composed of four 36' rows at 20" spacing. There were 4 replications. 
The fertilizer was spread by means of a fertilizer spreader in spring and 
ploughed down. Treflan was applied as herbicide prior to planting. Seeds 
were incoulated and sown on May 6. 
Leaf and dry-matter samples were taken as in previous years but at 
stage V-5.0. At stage V-8.0, 10 most recently fully exoanded jeave= 
were picked randomly from the two inner rows and taken to the laboratory 
for leaf area measurements, using a 'Paton' electronic planimeter. The 
leaves were subsequently dried at 65°C and weighed for calculation of 
specific leaf weights. 
To avoid a possible loss of harvest due to hail, the mature plants 
were cut, sacked up in burlap bags and left to dry out on the fence. They 
were then threshed as time allowed. A harvest area consisted of two 10' 
lengths of row taken from the two inner rows of each sub-sub-plot. Samples 
were dried in the Agronomy Farm drying shed and weighed. 
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2. Greenhouse experiments 
a. Materia 1, culture and experiment design An experiment was 
conducted in each of the years 1971 and 1972 on differential response in 
rates of net photosynthesis to P nutrition. A split-plot design was used. 
The experiments consisted of several levels of P and ô soybean varieties 
as main-plots, and several measurement periods as the subplots, and repli­
cated three times. The soil was obtained, screened and thoroughly mixed; 
fertilizer was added and blended with the soil before the pots were filled. 
? was added as finely ground concentrated superphosphate. The pots consti­
tuting the plots were large polyethylene containers holding 30 lb of moist 
soil. Drainage was accomplished by insertion of a piece of rubber pipe 
into the bottom of the pots. Seeds were sown in the greenhouse at a rate 
of 12 seeds/pot and inoculation was with commercial inoculant applied as 
a slurry at the initial watering. After emergence the population was 
thinned down to 6 plants/pot. Final plant population was 4/pot at the 
time the pots were transferred to the outside of the greenhouse and 
arranged on platforms. 
Distilled water was applied to the pots several tires during the 
day to obviate moisture stresses. Sufficient water was applied at each 
watering period to maintain some leaching. To avoid nutrient loss by 
leaching, the leachate was collected via the drain pipes into quart 
milk bottles placed below the platforms. The effluent solutions were 
subsequently returned to their respective pots at a later watering. On 
several occasions, the plants were sprayed with 'Morestan'at 4.5 g/gallon 
to control spider mites; there was no observed phytotoxicitv from the 
sprayings. 
The six genotypes that were used in the experiments were anong those 
that had been used in earlier field experiments. They were selected on 
the basis of their performance in 1970 with respect to their responses to 
?. For example, the Pi's 91.150 and 70.242 and the variety 'Hark' were 
classified as highly responsive whereas Pi's 86.102, 88.805-2 and 68.600 
were low respoaders. 
Each pot was measured several times during the season, the periods 
being regarded as the sub-plots. The measured leaves were excised for leaf 
area, thickness and weight measurements. .'iecause of the very small weight 
involved, for each pot leaves from all the periods were bulked at the end 
of the season, and ground up in a mortar for chemical determinations. 
Fresh-weights of tops for each pot were also determined at the end of the 
season. 
In 1971, three levels of P, 0, 225 and 450 pp2m were usee. Each pot 
received a blanket application of K at the rate of 600 pp2n. Tests were 
made at 5 different periods. Clarion silt loam testing low in ? and K 
was obtained from the old Agronomy Farm in 1969. Soil test values were 
13 and 119 pp2m for available P and K. respectively, and the soil pH was 
6.5. The highest ? level had been added in 1969. It v;as assumed that the 
amount of fixation during the period August 1969 to May 1971 was negligib 
since the soils had been stored under very dry conditions. This was a 
valid assumption since subsequent soil test values were 196 pp2m P for 
1969 fertilized soil compared with 215 pp2m for soils that were ferti­
lized in 197 1. Seeds were sown on June 5 and the pots were taken outside 
the greenhouse on June 21. 
In 1972, 4 levels of P, 0, 100, 200 and 300 pp2n were used. Tr.e ? 
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range was contracted in the hope that a better picture of the response 
curve might emerge. The measurements were carried through four weeks or 
periods. The soil was obtained from one of the 1971 field plots which 
had received 0 kg/ha and 112 kg/ha of P and K, respectively. The soil 
tested 6.1, 21 pp2m and 156 pp2m for soil pH, available P and available 
K, in that order. Seeds were sown in the greenhouse on April 1 and pots 
were taken outside the greenhouse on May 10. 
b. Laboratory measurements and procedures Measurements of net 
photosynthetic rate were made in an air-conditioned laboratory. The pot 
containing the specified plant was carried into the laboratory and the 
leaflet placed in the leaf chamber. After testing the leaflet was 
excised from the plant and leaf area and thickness measurements taken. 
A different plant was measured during each of the measurement periods. 
Two 36-guage copper-constantan thermocouples were inserted into the 
air chamber of the leaf chambers; one was held against the lower surface 
of the leaf to measure leaf temperature, while the other measured the 
chamber-air temperature. The leaf chambers were connected to air, water 
and thermocouple lines leading to analyzing and recording equipment. Two 
leaf chambers with complementary equipment were used in the experiments 
and induction of leaves were made concurrently. These chambers will be 
referred to as chambers I and II. induction of chamber II was usually 
initiated about 5 minutes after that of chamber I; this time interval 
varied depending on the length of time involved in the positioning of the 
pot and insertion of the leaf in chamber I. Induction period was 20 min­
utes, and readings were taken for 5 minutes or until stability in 
readings was established. Calibration of the analyzer was done using 
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standard gases from Matheson, Inc. The electrical signal from the Beckman 
analyzer was fed into a Leeds and Northrup Speedomax H potentiometric, 
strip-chart recorder. 
The differential in CO^ concentration of the air before and after 
it passed through the leaf chamber was used in calculating the net CO^ 
exchange : 
COj exchange - Z£02 . F .^44.01 .R CO; mole'^ 
which reduces to: 
CO^ exchange, mg CO^-dm ^-hr ^ ^ 
where = <-('^^2^in ~ ppm 
F = flow rate, 1/hr 
-2 
A = leaf area on one side, dm 
T = temperature of air near the flow meter, °K 
K = 0.53638 mg CO^ °K/ppm.l 
L o 
R = gas constant, 0.08205 1. mole K at 1 atm. 
The temperature of the leaf chambers was regulated by circulating 
cold water through the water jacket of the chambers. The water was cooled 
by circulating through an automobile radiator core bathed in running tap 
water in the sink. The light source for each chamber consisted of six 
300-watt reflector flood incandescent lamps mounted on swivel bases in a 
circle. Excess heat emitted by the light sources was exhausted by a 
ventilation fan. Infra-red rays were absorbed in O.OIM solution of 
CuS0^.5H^0 in water bathes inserted between the lamps and the leaf 
chambers. These were cooled by circulating through a radiator by the 
use of a water pump. The radiator was bathed in running cold tap water 
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ir. the sink. 
The rate of net photosynthesis, leaf area and leaf thickness were 
rr.easurec on tne terminal leaflet of the most recently fully expanded 
trifoliate leaf. This was usually the third unrolled leaf from the top, 
on the main stem. On each day of measurement, measurements were made on 
one intact leaflet per pot; the order in which the plants in a pot were 
taken was randomly determined and a different plant was measured each 
time. After the photosynthesis measurement the leaflet was picked from 
the plant, its area and thickness determined and the leaf dried in a 
coin envelope at 77°C to get the dry-weight for specific leaf weight 
calculations. 
Area measurements were made with a Filotecnica Salmoiraghi optical 
planimeter Model 236/A. A Sears Roebuck micrometer was used to determine 
the thickness. Specific leaf weight was calculated as leaf weight 'mg)/ 
leaf area (cm-). 
In 1971 leaf chambers were of a single leaf clamp-on type, made of 
plexiglass with similar upper and lower halves composed of an air chamber, 
a water jacket and a plexiglass fan. The cross-sectional area of the 
2 
circular chambers was 0.126 dm , with an effective area of the illu-
2 
minated lear o: 0.113 dm since the metal fan bearing shading part of 
9 
the leaf had an area of 0.013 dm~. Details of construction were described 
by Winborn (197 1). 
The air supply to the chambers was drawn from, outside the laboratory 
via a plastic tube and saturated with water by passing through three 18-
liter carboys of distilled water. The air from the ultimate carboy was 
drawn through 2 Neptune dyna pumps, each forcing it through a Matheson 
Model 620 3BV/603 flow meter into a leaf chamber at a rate of 144 1/hr. 
A third vacuum pump drew the air through another flow meter into a Beckman 
IR 15A infra-red gas analyzer. This air constituted the standard against 
which air from the leaf chamber was compared. 
Temperatures were measured by copper-constantan thermocouples and 
recorded on a Honeywell "Electronik 16" multipoint strip-chart recorder. 
The recorder's operation was monitored by placing a thermocouple in a 
vacuum bottle of distilled ice. A reading of 0°C indicated a normal 
operation of the recorder. The mean illumination was 3100 and 3200 ft-
candles for chambers I and II, respectively. 
In 1972, the leaf chambers were larger and of a slightly different 
construction (Dornhoff, 1971). The inside dimensions were 10.8 x 14.0 x 
20.3 cm. A Dayton 3160 RPM 1/250 HP electric motor with 4" blade fan 
was used to create turbulence and lower leaf temperature. The petiole 
was sealed in the leaf chamber with non-toxic permagum. 
Air drawn from the outside by a Cast Model 0211-V36A-G86 vacuum 
pump was saturated with moisture by passing through two 18-liter carboys 
of distilled water. The air stream from the final carboy was then split 
into two and passed through 2 Matheson Model 620 BBV/604 flow meters into 
the leaf chambers at a rate of 4441/hr. A Neptune dyna pump drew some 
of the outside air through a third flow meter into the analyzer and 
served as the reference air. 
Leaf temperatures were measured by a spring loaded thermocouple 
pressed against the underside of the leaf. A thermocouple placed directly 
below the mid-vein of the leaf measured the air-chamber temperature. A 
third thermocouple was placed in the air stream before the flow meters 
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to correct the volume of CO^ for temperature. The three temperatures 
were recorded with a lx?eds and Northrup 8690 single-range multinolt 
potentiometer with a realiability of 0.3°C. Mean illumination was 6000 
ft-candles for both chambers. 
A companion to the rate of photosynthesis experiment in 1972 was 
one designed to compare various growth parameters among Pi's 91.150 and 
68.600 and the variety 'Hark' in response to P and to relate them to 
responses in rate of net photosynthesis. The same P levels were used 
in both experiments which were run concurrently. P levels were main-
plots with the three varieties as sub-plots in a split-plot design with 
4 replications. 
Final plant population was 4/pot; a plant was harvested from each 
pot at each harvest period and separated into leaves and (stem + petiole 
Total leaf area was measured with a 'Paton' electronic planimeter. Para 
meters estimated were as follows: 
1. Leaf/(stem + petiole) ratio 
2. îfean net assimilation rate, where 
NAR = (W^ - wp(Log^L2 - Log - t^)(L2 - L^) 
3. Mean relative growth rate, 
RGR = (Log^W^ - Log^W^)/(t2 - t^) 
4. Mean relative leaf growth rate 
RLGR = (Log^Lg - Log^L^)/(t^ - t^) 
5. Leaf area ratio, LAR = L/W 
6. Specific leaf weight, SLW = L /L 
W = plant dry-weight 
L = leaf area per plant 
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= leaf weight per plant 
= weight of shoot above cotyledon node 
t = time in days. 
The subscripts 1 and 2 denote the first and second harvests, respectively. 
3. Chemical Analysis 
Analysis of soil samples for pH, available P and available K va;; 
done by the Soil Testing Laboratory of the Agronomy Department according', 
to procedures outlined by Hanway and Heidel (1961). Leaf samples were dried 
at 6-°C and ground in a viley mill. total X, %P and ',K were determined 
by modified Kjeldahl, ammonium vanado-molybdate and col orme trie and flame 
photometric methods, respectively, along lines outlined by Hanway 
C. Statistical Design and Analyses 
Each of the field and greenhouse experiments utilized t'nc ;-;p i i t-p 1 ni, 
design or some variation of it as outlined in y the-_1l: c.. 
and Cochran, 1967: Steel and Torrie, 1960; Anderson and iiincroft, , 
Since more precision is desired in the estimation of the aspect o; pr 
interest, in this case the varieties and their interactions witii liie 
various treatments, rather than the fertilizer treatments, pe r .si - . ; i,e 
varieties were usually assigned to the sub- or sub-sub-plots. 'I"ne inler-
actions of varieties with treatments, hence, trie d i f feren t ia 1 response:, 
of the varieties to the treatments are thus more precisely estimate'.:. 
Analyses of variance and covariance were done as outlined in text­
books. Sample partial regression coefficients, their standard err. ;-; m.; 
t_ values were calculated by the I computer at Iowa State i'nivrs.'iy 
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Computation Center, using standard programs in use at the Statistical 
Xumerical Analysis Laboratory at Iowa State University, Ames. 
The analysis of variance models for the various experiments were 
arrived at by a methodology which will be illustrated using the 1971 g 
house experiment on rates of photosynthesis. An assumption of the ana 
of variance is the additivity among the various fixed effects and thei 
errors. Thus, for an experimental unit, e.g., the 1th observation o: 
kth variety receiving the jth fertilizer treatment and is in the ith 
replication, the yield, 
where u = mean, R = replication, A = fertilizer, d = variety and C = 
period of observation. i = 1,2,3; j - 1,2 3; k = 1,2,...,6 and 1 = 
Since the validity of the randomized block design is predicated 
the assumption of a null interaction between treatments and blocks, t 
interaction terms containing blocks or replications should be include 
the various main-plots, sub-plot and sub-sub-plot errors. Thus the a 
sis of variance model becomes: 
Y. = u -i- R. + A . + B + fA3) -r Erroria) + C. -r (AC) — i'3C 
i j k l  1  ]  k  ] k  i  J  i 
+ (A3C) .. . + Error fb). j K i  
where u = mean, = the ith replicate, A,3,C, (AS), ^ACj, (liC) and ' 
represent fixed treatment effects with 
ijtc 
T C -i- (AC) T ( 3 C )  T (ABC) - f  ( R C )  -  ( R A C )  .  
1 ]1 k1 jKl 11 ijl 
4- ( R 3C ) 
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r. = Za 
Error ia) and Error (b) are random error variables with mean = 0 and vari-
2 , 2 
ances s" and s~. These represent the main-plot and sub-plot errors in 
the analysis of variance table and have 34 and 144 degrees of freedom, 
respectively. 
For the 1970 experiment, 2 levels of P constituted the main plots, 
2 levels of each of N and K were sub-plots and the sub-sub-plots were 
comprised of the 9 varieties. There were 4 replications and considera­
tions similar to the above yield an analysis of variance model of the 
form : 
Y. , = u — R. -r A. Error (a) -r 3 + C -i- (A3) 4- (AC) - i. oC), , 
1. J Kirn 1 J k 1 jK jl Ki 
r (ABC).,. + Error (b) + D ^ (AD). ^ (3D), + (CD), jki m jm km Im 
-f (A 3D) -r (ACD).. + (BCD),, 4- (A3CD).. . + Error'c;. 
J km Jim klm jKlm 
where i = replication = 1,2,3,4; j = P level = 1,2; k = X level = 1,2; 
1 = K level = 1.2; and m = variety number = !,2,...,9. 
% r. = %a. = ... = SZ^ZCabcd) . =0 
11 j J jklm J Rim 
Errors (a), (b) and ic) are random error variables with mean = 0 and 
2 2 ? 
variances s , s. . s and degrees of freedom 3, 18 and 192, resnectiveIv. 
a D • c ° • 
Similarly, the following model holds for the 1971 field experiment: 
Y = u R. -r A. -r Error (a -r 3 -r- (AiS) — Error'bj — ^ AC;.. 
1 J k j|k 1 J i 
-r ( oC), T- (A3C) 4- Error I c). 
kI J k l  
i = replicate = 1,2,3,4; j = P level = 1,2,3; k = K Level = 1,2,3; and 
1 = '^ ''P i ct -f- r-^ y iTTi -y- — 1 0 Q 
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i-'i • ° jkï(abc)jki = 0. 
Errors (a), ^b) and (c) have 6, 18 and 216 degrees of freedom, respective­
ly-
For the most part, response surface equations fitted to the data on 
yield of grain and dry-matter were of the form: 
Y . bfl + bjNj + bjPf + + b^^NjPf + bjjNjKj + bjjPjKj 
+ "4^  + + ^ 44?: + 
where the 'f'-subscript indicates fertilizer as source of the nutrient 
and the 's'-subscripts refer to the soil test values. It should be 
pointed out that not all of the above terms were included in all of the 
experiments at the same time. Thus, in he 1971 experiment in which N 
was not applied, the terms containing N were absent from the equation. 
Since three levels of each of P and K were applied, the data were fitted 
to equations of the form: 
Y = bQ 4. bjPj + bjK^ + b^^pZ + b^K? + b^^P^K; + bjP^ + b^K; 
+ "33^ 3 + ^ 44%; + ^34?$^ ;. 
Yields of beans and dry-matter as dependent variables were similarly 
expressed as a function of the chemical composition of the leaves at 
certain developmental stages. Models fitted to the data were of the type: 
Y = b^ + b^N t- b^P - b^K T b^^N^ + 022?^ + + °12— 
T b^2^ + b^gPK. 
The underscore denotes the elemental content of the leaf. 
Model building was by backward elimination, with certain modifica­
tions. The method begins with the largest regression using all variables 
and subsequently reduces the number of variables in the equation until a 
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decision is reached on the equation to use. In view of the paucity of the 
degrees of freedom for the difference and the residual mean squares in 
the prediction equation for each variety, very high 2 values are required 
for statistically significant reductions of sums of squares at the conven­
tional a:-levels of .01 and .05. It was considered advisable to make an 
arbitrary decision and include in the equation any coefficients that 
reach significance at = .20 or better in at least one variety. However, 
sometimes this modification of the above rule were introduced, as when 
the linear component of a factor fails to be significant whereas its 
quadratic component or interactions containing it are significant. In 
such cases to justify the inclusion of the latter terms, the linear term 
is also included. 
Where data have been collected on several variables in a number of 
heterogeneous sets, say k, one frequently finds it difficult to decide 
whether the same regression relationship holds for each set. An assump­
tion is made that the samples are drawn at random from the population, 
and a null hypothesis that the partial regression coefficients are equal, 
is formulated and tested. Geometrically, this implies that the regression 
surfaces for the k populations are parallel. The test of parallelism is 
based on the comparison between the variation among sample partial regres­
sion coefficients and that among the observations. The homogeneity of 
sets of partial regression coefficients can be tested by 2 tests (Williams, 
1959; Li, 1964). 
According to Williams (1959) the common set of coefficients may be 
pstimated from the combined sums of squares and products within the set 
and the regression sums of squares from the combined data. The difference 
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between the sum of the regression sums of squares for each set and the 
combined sums of squares gives a criterion appropriate for an over-all 
test of differences among coefficients. Unless tests of parallelism are 
significant, individual regression equations may be combined into one. 
With significant tests of parallelism, range test procedures can be 
adapted to test the differences among the partial regression coefficients. 
By analogy with the general mean, y, which is the weighted mean of 
k sample means, y"^, with sample size n^ as the weights, the mean b^ of the 
k regression coefficients is a weighted mean with the values of the sums 
of squares of the independent variable, SS^ of the k samples as weights 
(Li, 1964). 
F =  ( S P ,  + SP„ + ... r SP, )/ZSS 
1 z k X. 
1 
where SS is the SS for the ith samples regression coefficient. SP. is X f & 1 
the sum of cross products of the dependent variable of the ith sample. 
According to Li (1964), the statistic used in testing the hypothesis 
that k population regression coefficients are eqval should be: 
F . ^ Pooled residual SS n-Zk d.f. 
~ k-i 2. n-Zk 
Regression SS due to b = ZSS with 1 d.f. 
i 
Both Williams (1959) and Li (1964) propose the use of the combined 
deviations from regression as the denominator for the ^ tests; deMooy 
(1965), however, justifies the introduction of "error b" from the analy­
sis of variance as appropriate denominator when dealing with split-plot 
designs. Tne modification is based on the argument that the difference 
for a partial regression coefficient for a certain factor in a regression 
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equation for a variety and a corresponding coefficient froir. a sirr.ilar 
equation for another variety is a measure of differential response. This 
is so because the difference expresses the amount by which the effect of 
the factor on one variety fails to be the same for another variety. 
Consequently, in dealing with split-split plots the corresponding error, 
"error c" will be used as denominator. 
Differential responses are expressible as differences among regres­
sion coefficients and may be tested by any of the range tests. In the 
experiments herein reported, the tests are based on Duncan's Multiple 
Range Test Procedure. As in testing of k means where the standard error 
or a treatment mean, s_ = Js~/n, the standard error of a partial regres­
sion coefficient, 
9 
where s" is the appropriate error mean square from the analysis of 
variance table, n is the number of observations used in the calculation 
of b. and c.,'s are the diagonal elements of the inverse matrix of the 
X's. 
A test of homogeneity of variances is a pre-requisite for the 
pooling of errors. The homogeneity of residual mean squares from the 
regression analysis of variance was tested by Cochran's method in Beyer 
(1968) because Bartlett's test was found to be too sensitive. Let S_.", 
i = l,2,...,k denote a set of mean squares which are independent estimates 
2 
of the 6 . , each based on n independent normally distributed random vari­
ables, let 
9 ^ 2 
g = max S . " /  T i  s .  
' i=l " , 
oe tne ratio oi tne largest S to their total. The hypothesis tnat 
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2 - 2  2  
6 ^ = O ^  = ... 6 is accepted if g ^  g , where ga is given in tables. 
The importance of the individual variables may be compared by their 
net regression coefficients. The size of the regression coefficients, 
however, varies with the units in which each variable is stated. They 
may be made more comparable by expressing each variable in terms of 
its own standard deviation using the 'beta' or standard partial regres­
sion coefficients. Thus: 
X.' = (X. - X.)/S. 
1  1 1 1  
is a standard deviate and the standard regression equation is 
Y' = b,'x- ' + ...+ b 'x ' 
11 ^ 
or (Y-Po/Sy = + ... + b^XXk-;k)/S^ 
Thus b ' = b. = b. v^Ix.^/Zy^) 
I L Oy 1 1 
where x. = X. - x and y. = Y - y. 
II ^1 
Since each b' is independent of the original units of measurement, a 
comparison of any two indicates the relative importance of the independent 
variables involved (Steel and Torrie, 1960; Snedecor and Cochran, 1967). 
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IV. RESULTS AND DISCUSSIONS - FIELD EXPERIMENTS 
A. 1969. Three-Varieties Experiment 
Two lines, PI 91.150 and PI 68.600, were compared with 'Amsoy' in an 
experiment ac Ogden on soil low in available P and K. The experiment was 
designed to test for differences in response among the three strains for 
? applied at 0, 33.6 and 504 kg/ha and N applied at 0 and 224 kg/ha. Tne 
fertilizer treatments constituted the main plots while the subplots con­
sisted of the varieties. 
The crop was lost 10 days before harvest when a severe hail storm 
shattered the pods. Some of the results obtained are presented in Tables 
1 and 2 . 
[able 1. Yield of dry matter iq/ha) of soybean varieties as affected by 
level of fertilization and stage of development (1969) 
'1 reatment s ( kg / na ) 
ON 224N 
Lines OP 33.oP 504P OP 33.6? 504? 
—A— L. ^ * L & ^ fc A W ^ ^ it* 
P: 66.600 
?I 91.150 
Am. s oy 
Full bloom 
PI 68.600 
PI 91.150 
Ams oy 
End of bloom 
PI 68.600 
PI 91.150 
Amsov 
4.73 6.37 
4.43 5.84 
3.66 4.73 
9.64 9.64 
8.57 8.87 
7.89 7.85 
27.69 23.25 
24.14 25.94 
23.25 2:4.95 
6.57 5.03 
5.58 5.75 
4.99 5.33 
10.75 9.21 
9.85 9.72 
9.04 9.13 
22.82 25.00 
23.55 24.31 
25.04 24.49 
7.93 5.78 
6.48 5.-L 
9.17 6.52 
13.22 11.77 
9.68 10.02 
11.81 16.15 
32.51 27.3^ 
24.36 27.05 
9A 90 TOGO 
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Table 2, Leaf-weight/stem-weight ratios of soybean varieties as affected 
by level of fertilization and stage of development (1969) 
Treatment (kg/ha) 
ON 224N 
Lines OP 33.6P 504P OP 33.6P 504P 
Be ginning bloom 
PI 68.600 2.80 2.32 2.61 2.55 2.31 2.46 
PI 91.150 2.85 3.59 3.06 2.65 2.13 2.38 
Amsoy 2.71 2.17 2.54 2.15 1.92 1.62 
Full bloom 
PI 68.600 1.60 1.57 1.46 1.55 1.67 1.39 
PI 91.150 1.60 2.00 1.80 1.61 1.54 1.94 
Amsoy 1.56 1.46 1.48 1.39 1.43 1.34 
End of bloom 
PI 68.600 1.27 1.24 1.37 1.30 1.48 1.23 
PI 91.150 1.39 1.63 1.64 1.45 1.66 1.68 
Amsoy 1.48 1.71 1.57 1.41 1.31 1.32 
At beginning bloom dry weight sampling showed an average of 32% 
growth response from 224 kg N/ha at low rates of P but only 12% at 504 
kg P/ha. There was a 33% growth response from both 33.6 and 504 kg P/ha 
at low N, but at high N response was mostly from the 33.6 kg P/ha rate; 
growth response was 46% compared to 13% for the 504 kg P/ha. 
At full bloom there was a 13% increase in growth due to N at low P 
rates but none at the high rate of P. At low N, response to 504 kg P/ha 
was 13% whereas at high N rates response was 24% to 34 kg P/ha and 11% to 
504 kg P/ha. At end of bloom there was a tendency for responses in dry 
weight production to be smaller. This disappearing response at later 
stages of growth may partially explain differences between dry-weight and 
yield responses in later experiments. 
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These results would suggest that high P fertility nay substitute to 
a large extent for N application. This presumably is via increased 
nodule activity. Such increases in nodulation activity mediated by ? 
have been reported by Heltz and Whiting (1928). The experiment further 
confirmed that maximum growth responses of soybeans occur az very high 
rates of P. 
Leaf-weight/stem-weight ratios differed significantly among the 
varieties at beginning bloom and were significantly decreased by N 
application (Table 2). P effects were not significant. The ratios decreased 
with age of the plant. At full bloom and at later stages, N and ? effects 
were not significant; neither were varietal differences. 
B. 1970 Experiment 
In 1970, a 2 X 2 X 2 factorial experiment was conducted at Ames with 
each of X, P and K at two levels. The levels were 0 and 75 kg/ha of N, 
0 and 50^ kg/ha of P and 0 and 672 kg/ha of K. Soil samples were taken 
from each sub-plot prior to fertilizer application for use as covariates 
in the statistical analysis. The results of the experiment are presented 
be low. 
1. E f feet of X, 2 a.nd K fertilizers on growth and vie Id of soybeans 
a. Fertilizer effects on growth Lodging of plants due to high 
rates of fertilization was evident in July and intensified as the season 
progressed. Lodging was most noticeable among Pi's 70.242, 84.957, 
S9.005-4, 88.305-2, 50.296-1 and 68.600 each of which scored over 3.G 
on a 0 to 5 scale. The lodging scores were taken shortly before harvest. 
Table 3. Means for yield o( dry iiuitter (q/lia) of soybean strains a I sLaj^es V-2.5 and V-H.5 as 
inllnonced by I lie level of fe r L i 1 i za t i (Mi, k|;/lia (1970) 
SLa>;e _y-_2 ^ 5 Si a^c V-8.5 
N love 1 _K ic^vc 1 _ N level P Icve 1 K 1 eve 1 
Lines 0^ "fl 0 504' o" ' 7)72 0 ' 7') 0 504 0 672 
Hark 7.2 7.5 6.8 7.9 7.4 7.3 35.2 39.9 36.1 39.0 36.1 39.0 
PI 86.102 6.8 6.9 6.3 7.4 7.0 6.7 31.8 34.0 31.0 34.6 32.3 33.3 
PI 91.150 6.6 6.5 6.0 7.1 6.5 6.6 33.8 32.9 32.4 34.3 33.4 33.3 
Pi 70.242 7.0 7.1 6.4 7.7 7.0 7.2 34.3 34.8 34.5 34.6 33.2 35.9 
PI 84.957 6.0 6.2 6.0 6.2 5.8 6.4 30.7 38.1 28.6 30.2 29.7 29.0 
Pi 89.905-4 7.5 7.1 7.0 7.7 7.: 7.4 33.4 34.1 35.7 31.8 35.2 32.3 
PI 88.805-2 7.7 7.6 7.3 8.0 8.0 7.3 37.7 38.4 36.3 40.1 37.5 38.6 
PI 60.296-1 7.2 8.3 7.0 8.5 7.3 8.2 35.7 36.5 34.2 38.1 33.9 38.3 
PI 68.600 6.5 6.6 5.8 7.2 6.8 6.2 32.9 36.1 31.3 37.7 34.0 35.0 
Vi 
vO 
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A score of 0 implied that all planes were erect; conversely, a score of 
5 implied that all plants were prostrate. Analysis of variance indicated 
a highly significant effect of P on lodging, high P levels greatly en­
hancing lodging. N and K effects were not significant; variety x P 
interaction was highly significant but variety x N interaction was signif­
icant only at the .05 level. 
The means of dry-matter production for the varieties of stages V-2.5 
and V-8.5 at each treatment combination are presented in Table 3. Through­
out the season there were no measurable significant differences in the 
accumulation of dry matter due to N, P or K. However, the N x K inter­
action was very significant at stage V-2.5. Mean responses, as percent 
of controls, were 2.5, 15 and 0 at stage V-2.5 for N, P and K, respective­
ly. PI 70.242 was the most responsive at this stage with mean responses 
of 20, 20 and 2% for N, P and K. The mean responses of PI 68.600 were 
3.0, 23 and -8.8% for the same fertilizer nutrients. Though the K 
effect was not significant, the tendency was for K to be detrimental to 
growth, despite the lack of any visible foliar K-toxicity symptoms. The 
AOV tables for dry matter yields at stages V-2.5, V-4.5, V-8.5 and R-8.0 
are given in Table A-2 of the appendix; full data for the same parameters 
are in Table A-8. 
The ratio of this dry-weight of the leaves to the dry-weight of the 
stems will be designated as L/S ratios, and this designation will carry 
through the remainder of the study. Mean L/S ratios at stage V-2.5, 
V-4.5 and V-8.5 are shown in Table 4. As in the 1969 experiment, there 
was a progressive decrease in this ratio with age of the plant. This 
tendency is graphically portrayed for each variety in Figure 1. Mean 
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Table 4. Mean leaf-weight/stem-weight ratios of soybean plants as re­
lated to the rate of fertilization and stage of development 
(Rates of all 9 lines were averaged for the calculations) 
(1970) 
Stage of development 
Fertilizer rates V-2.5 V-4.5 V-8.5 
0 kg/ha of N 2.38 1.80 1.45 
75 kg/ha of N 2.47 1.80 1.30 
0 kg/ha of P 2.49 1.80 1.37 
504 kg/ha of P 2.36 1.80 1.37 
0 kg/ha of K 2.50 1.87 1.40 
672 kg/ha of K 2.34 1.73 1.35 
ratios dropped from a value of 2.5 at stage V-2.5 to 1.3 at V-8.5. Mean 
L/S ratios for the various levels of the nutrients N, P and K are given 
in Table 4. Of the three fertilizer nutrients only K seemed to have an 
appreciable effect on the L/S ratio. The K effect at the three stages, 
V-2.5, V-4.5 and V-8.5 was significant. There was a general decrease of 
the order of 8% in response to K. Varietal differences in L/S ratios 
were noted and were significant at all stages of growth at the .01 level. 
PI'S 68.600 and 91.150 generally produced relatively more leaf material 
then stem material. 
b. Fertilizer effects on vie id of grain Table 5 shows that 
whereas there were no significant differences attributable to P, high 
K levels very significantly enhanced soybean yields. There was a mean 
response to K of about 17%, ranging from 9% in both PI's 86.102 and 68.600 
to 32% in PI'S 91.150 and 89.005-4. N effects were significant at the 
5% level; average response was 4% and the range was from -4% in PI 60.296-1 
52 
2.8 
H 
< 
û: 
H 
O 
A 
A 
• 
LEGEND 
HARK B 
PI 86. 1 02 • 
PI 9 1.I 50 A 
PI 70.242 • 
PI 84.957 
PI 90.005 
PI 88.805 A 
PI 60.296 • 
PI 68-600 o 
Ui 
H 
1/5 
H 
u_ 
< 
LU 
2.0- i 
A 
m 
? 
4 
• 
i . 2  
V-2.5 
STAGE 
I a 
V-4.5 V-8.5 
OF DEVELOPMENT 
'igure i. Leaf weight/stem weight ratios of soybean lines as 
affected by stage of development (1970) 
to 15% in PI 91.150. Significant N x K interactions were indicated, as ir 
the AOV, Table A-4 of the Appendix. Yield differences due to ? did not 
reach a significant level; however, P was most detrimental to Pi's 91.150 
and 70.242, although these deleterious effects were not sufficiently in­
tense to be significant. 
The treatment means are shown in Table ô and indicate that high 
levels of both X and K in conjunction with a low level of ? were conducive 
to high yields and resulted in yields equaling, and in some cases, ex­
ceeding yields of treatments in which the three were present at high 
levels. Hence, the mean response of 227, recorded for N, P^K. treatment 
as against 17% for N^P^K^ combinations. Varietal means along with the 
calculated percent response to the nutrients are shown in Table 7. The 
means in this experiment were exceedingly low, averaging 2358 kg/ha. ?I 
91.150 was the highest yielding variety (mean = 2478 kg/ha) and along vif 
those of 'Hark' and PI 86.102 its mean was highly significantly different 
from the others; the only interaction with variety that showed any signii 
icance was K and this at .05 level of significance (Table A-4;. 
2. Effect of fertilizers on chemical composition 
a. Percent X upper leaves Of the nutrients, N, ? and K, at 
stage V-2.5 K was the one that significantly affected the uptake and/or 
accumulation of N (Table 8). An analysis of variance (Table A-5) reveals 
that whereas differences due to N and P treatments were not significant 
in N accumulation in the upper leaves, the K effect reached a 0.01 level 
of significance, as did the NK, PK and NPK interactions. There was a 
tendency for K to decrease N accumulation, a decrease which averaged . 1C~-^ 
I'abJc 5. Y i e l d  o f  j]ra i n (k;;/lia) I .soybiMii liiu'.s as iiil lucncccl l>y I be rale ol I f r t i I i za I i on i 1*17(1) 
• J.nc s 0 - 0 - 0  I  - 0 - 0  
TrcijiliixnU s and mean y iokls_ (k);/ha ) 
0 - 0 - L  1 - 0 - 1  0 - 1 - 0  1 - 1 - 0  0 - 1 - 1  1  - 1  
Hark 274f),;il) 2622,ab 2)1 ),al) 307 7,ab 261)3,1, 2508,b 277 3,;ib 2475,b 
I'l H6 . 102 2:)8 ),ab 2448,ab 2 2 ^ i b  2655,a 2223,ab 2127,b 26 19, a 2523,ab 
PI 9i . 1!)0 2281,cd 2l83,cd 2't'3 1 , be 3423,a 1808,(1 2255,cd 2638,be 2775,b 
PI 70 . 2/t2 190j,ahc 1978,abc 2 065 ,ab 2:)l(i,;i 1687 , be 1586,c 2146 ,ab 2103,ab 
PL 84 .9S7 1483,b 1499,ab 17 77 ,ab 1841,ab 1724 ,ab 1652, ab 1777,ab 1968,a 
PI 89, ,005-4 164 ') , be 1546,c l,')75 ,alH' 2304,a 15]3,c 1657,be 2063,ab 2204 ,a 
Pi 88, ,805-2 1672,b L840 ,ab 1 '19 2, lb 1992 ,al) 1848,ab 1910,ab 2199,a 1853.ab 
PL 60, 2')6-l 1862,ab 1898,ab 2 1 26, a 2112,a 1992, a 1525,b 1980,a 2136,a 
PI 68. 6(X) 2 148,a 2 I4:),;i 2087,a 2356, ;i 2203,a 2094,a 2385,a 2538,a 
Means 20l0,d 2()I8 ,d 2161,c 2447,a 20l6,d 1931 ,d 2287,be 235;;,ab 
Means for Lhe same var i.el v not I'oMoweii by the same letLers .ire sip,n i 1" i cant 1 y diilerenL at 
Lite . 0') Levc 1 . 
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Table 6. y^eans for yield of grain (kg/ha) of soybean lines at different 
levels of X, P and K (1970) 
K level (kg/ha) P level (kg/ha) X level ikg/ha' 
Lines 0 672 0 504 0 75 
Hark 2564 2946 2759 2752 2679 2832 
?I 86. ,102 2290 2509 2432 2367 2365 2433 
PI 91. , 150 2132 2822 2585 2369 2294 2659 
?I 70. ,242 1788 2156 2064 1880 1947 1996 
PI 84. ,957 1590 1840 1672 1779 1690 1739 
PI 89, .005-4 1590 2112 1843 1860 1774 1928 
PI 88, .805-2 1818 2029 1894 1953 1933 1913 
PI 60, .296-1 1820 2087 1999 1909 1989 1918 
PI 68, .600 2147 2342 2184 2305 2206 2283 
.able 7. Mean yield of grain (kg/ha) of soybean lines and responses 
(percent of control) from N, ? and K fertilizers (1970; 
Mean yield Responses of control) 
.ines (kg/ha) X P 
Hark 2393 a 5 -1 
PI 36.102 2403 a 3 
91.150 2478 a 15 -9 32 
?I 70.242 1973 c 2 -9 20 
PI 84.957 1716 d 2 6 15 
PI 89.005-4 1851 c S 0 32 
PI 66.805-2 1921 c _2 3 
PI 60.296-1 1954 c -5 
65.600 2245 b 3 5 9 
Means not followed by the same letters are statistically different 
at the .05 level of significance. 
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Table 8. Percent N in tops of soybean lines as a function of the stage 
of development and rate of applied N (1970) 
.mes 
Stage V-2.5 
N level (kg/ha) 
0 75 
Stage V-4.5 
X level I'kg/'ha) 
0 75 
Ha: TK 4.76 a 4.74 a .65 cd - .  ,87 a 
PI 86.102 4.67 a 4.75 a .66 cd / ,79 
91.150 4.76 a 4.76 a .69 bed .91 a 
pT 70.242 4.76 a 4.85 a .71 bed — .78 abc 
PI 84.957 4.69 a 4.69 a 4 .67 cd — a DC 
PI 89.005-4 4.62 a 4.68 a 4 .71 bed . 77 abc 
PI 88.505-2 4.71 a 4.54 a 4 .56 d 4 .83 ab 
PI 60.296-1 4.67 a 4.64 a 4 .71 bed 4 .77 abc 
PI 68.600 4.67 a 4.68 a 4 .58 G .82 ab 
Means for the same stage not followed by the same letters ar-e signif 
icantly different at .05 level 
• 
the upper leaves. This is equivalent to a respo nse o: -2\ . \"a rietal 
d i fferences in foliar X content were signif icant at .01 level h rear. 
pe rcent X rangi ng from 4.62 to 4.80 in Pi's 88.805-2 a nd 70.2 -2 , r 
tively. 
At stage V . 5 , not only !\ but also X leveis r cached sta sti ca 1 
significance in their effects on the accumulation of in the leaves. 
? levels did not seem to be o£ much consequence. X, and N?K effect; 
were high at .05 level. Varietal differences at this stage 
existent. 
There were, apparently, no differences in the percent 
leaves between the two samplings. 
b. Percent P iji the upper leaves At both growth stages V-2.5 anc 
V-4.5, P and N significantly stimulated P accumulation in the upoer leave: 
vere non-
in ti'ie 
(0.01 level). K levels had no significant effect on the P content of the 
leaves. Thus, with a mean of .469% P in the leaves for the experiment, 
average increases due to N, P and K were 0.038, 0.110 and 0.014', ? which 
are equivalent to 6, 24 and 37= responses to X, ? and K, respectively, a: 
stage V-2.5. Percent P in tops of soybean varieties are presented in 
Table 9; the AOV is given in Table A-6. 
Table 9. Percent P in tops of soybean lines as affected by stage of 
development and rate of P fertilization (1970) 
-mes 
Stage V-2.5 
P level (kg/ha) 
0 504 
Stage V-4.5 
P level (kg/ha) 
0 504 
Hark c . 316 ab .411 be .481 B. 
PI 86.102 .428 c .516 ab .436 b .486 a 
PI 91.150 .421 c .502 ab .412 be .482 a 
PI 70.242 .413 c .529 ab .393 c .405 a 
PI 84.957 .406 c .538 a .410 be .510 a 
PI 89.005-4 .433 c .535 a .433 b .501 3^  
PI 88.805-2 .404 c .532 ab .424 be .495 cl 
?I 60.296-1 .428 c .522 a'o .428 'D 
PI 68.600 .428 c .493 b .411 be 
CO 
Means for the same stage not followed by the same letters are 
significantly different at .05 level. 
The responses at V-4.5 were decreased for ? and increasec 
for X and K, averaging 11, 17 and 7/, for N, P and K. Mean -P in uprcr 
leaves slightly decreased from .-09,''. at V-2.5 to .454/, at V-^.5. Tric-re 
were no apparent differences among the varieties in their accumulation c: 
P in the leaves as shown by a null significance with respect to varieties 
in the AOV (Table A-6) of the Appendix. 
c. Percent K the upper leaves The AOV for percent K in the 
upper leaves at stages V-2.5 and V-4.5 are shown in Table A-7 of the appen­
dix. At stage V-2.5 there were no significant effects on foliar accumula­
tion of K that were attributable to X, P or K levels of fertilization. 
However, the three-factor interaction was highly significant. Varietal 
differences in percent K were significant at .01 level with mean K con­
tent in upper leaves ranging from a low of 1.87% in PI 60.296-1 to a high 
of 2.26% in PI 84.957. The K contents of leaves in response to K fertili­
zation are presented in Table 10. 
Table 10. Percent K in tops of soybean lines as influenced by stage of 
development and level of applied K (1970) 
,ine s 
Stage V-2.5 
K level (kg/ha) 
0 672 
Stase 
K level (kg/ha) 
0 672 
Har k 2 .02 be 1.93 c 1.75 b 1.65 be 
?T . " 02 9 '-1C •; . Qn r • .-3 
91. 150 .99 c 1.98 C 1.74 b 1.65 be 
P X  70. 242 2 .03 be 2.00 be 1.56 c 1.75 ab 
PI 84. 957 2 .18 ab 2.34 a 1.80 ab 1.9- a 
PX 89. 005-- 2 .01 be 2.06 be 1.70 be 1.79 ab 
PI S S .  805-2 2 .02 be 1.93 e 1.70 be 1.72 be 
PI 60. 296-1 1 .90 e 1.84 c 1.53 c 1.71 be 
PI 68. 600 2 .00 be 1.97 e 1.63 be 1.75 b 
Means for the same stage not followed by the same letters are signif­
icantly different at 57: level. 
Both X and K levels were highly significant in enhancing K accumula­
tion in the leaves at stage V-^.5. The mean percent K for the experiment 
was 1.71) and mean responses to N and K were 7 and 5-., respective!^, o" 
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the control. Both NP and PK interactions were significant, the former at 
.01 level and the latter at .05 level. At this stage, varietal differ­
ences were still discernible. PI 60.296 still had the lowest concentra­
tion of K in the leaves (%K = 1.62) whereas PI 84.957 topped the list with 
a foliar K content of 1.87%. Highest response to N was attained in 'Hark' 
where the response was as high as 14%. However, this may have been due to 
chance since the V x N interaction was not significant. PI 60.296-1 
responded most to K fertilization. There was a significant V x K inter­
action (Table A-7). 
3. Relationships among growth, grain yield and chemical composition of 
soybeans 
a. YieId of grain with dry matter production, L/S ratio and chemical 
composition Coefficients of correlation among growth, yield of grain 
and chemical composition are given in Table 11. The correlations between 
yield of grain and growth at each of stages V-4.5, V-8.5 and R-8.0 were 
significant, with the correlation being more pronounced with increasing 
maturity of the plant; hence correlation coefficients of r = -.078, .126, 
.198 and .362, respectively, for stages V-2.5, V-4.5, V-8.5 and R-8.0. 
Leaf/stem ratios did not appear to be correlated in a significant way 
with yield of grain, except at stage V-2.5 when the r-value was positive 
and significant. Thereafter, the correlation decreased with maturity of 
the plant. 
Seed yield was positively correlated with percent K in the leaves at 
both stages V-2.5 and V-4.5. The correlation coefficients were .286 and 
.264 and were significant at .01 level. Percent P in the leaves was 
negatively correlated with yield of grain, although not significantly. 
Table 11. Coefficients of simple correlation among yield of grain, yield of dry matter, L/S ratios 
and chemical composition of .soybeans (1970) 
Gra in 
yield 
1.000 
Drv mat ter vie Id L/S ratio 7oN 7oP %K 
V-2.5 V -4.5 V -8.5 R -8.0 v-2.5 V -4.5 V-8.5 V-4.5 V -2.5 V -4.5 V -2.5 V-4.5 V -2.5 
-.078 .126* 198** 362** .185 019 -.027 -. 054 .083 .045 -.068 .286** 2 64 ** 
1.000 .206** 139* 045 -.427 A- -A- ^  262** -.141 -.091 . 244** .090 .340** -.175**-.034 
1 .000 256** 139* -.047 - 030 . 114* .198** .009 .088 .057 -.119* - 101 
1 .000 291** . 030 - 096 -.118* .032 -.001 .180** 168** .068 .022 
1 000 . 034 025 -.049 -. 043 .039 .205** 170** .118* .142* 
1.000 314** .228** .144* -. 119* -.072 - 142* -.119* - 137* 
1 000 .440** -.117* -. 143* -.030 -.137* -.154**-.139* 
1.000 .065 -.049 -.025 -.073 -.245**-.270*' 
1.000 .263** .085 - 116* -.236**-.443*'' 
1 .000 -.010 .314** -.306**-.236*' 
1 .000 653** . .002 .059 
1 000 -.035 166*' 
1.000 .821*-
n = 288 1 .000 
Significant at level. 
Vf-A-
Significant at 17, level. 
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The correlations between percent N and yield were negative and, except in 
PI'S 70.242 and 89.005-4, were not significant. In PI 70.242, the 
correlation with percent N at V-2.5 only was significant whereas in PI 
89.005-4 the correlation was significant at both stages V-2.5 and V-4.5. 
b. Dry matter production, L/S ratio and chemical composition 
Correlations between dry matter yields and L/S ratios were largely nega 
tive and were significant only in the cases of dry-weight at V-2.5 with L/S 
ratios at each of V-2.5, V-4.5 and V-8.5 (Table 11). The correlations 
decreased with increasing maturity, decreasing from r = -0.428 at V-2.5 
to r = -0.141 at V-8.5, at stage R-8,0 the dry weight production was not 
significantly correlated with L/S ratio at any of the stages. Higher 
contents of N, P and K in the leaves at any stage decreased the L/S 
ratio as is indicated by the significant negative correlations among L/S 
ratios at stages V-2.5 and V-4.5 with foliar N, P and K contents at the 
corresponding growth stages. 
Significant negative correlations were obtained between K and N 
percentages in the leaves, r = -.236. Correlation between percent P and 
percent K was positive but reached significance at only the first sampling 
stage. Regarding N and P contents, the correlation was positive but was 
significant only at V-2.5 at which stage it was significant at the 1% 
level (Table 11). 
4. Grain yield as a function of the various soil and fertilizer variables 
A homogeneity of variance test, using Cochran's test, for the regres­
sion of grain yield on soil and fertilizer gave an inordinately large 'g' 
value of .408; much of the heterogeneity was due to the large mean squares 
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for 'Hark' and PI 91.150 relative to the other varieties (Table A-9). 
Theoretically 'g'- values of this magnitude should nullify any attempts at 
comparing the regression coefficients of the various effects for differ­
ential responses since there is apparently no common error variance. 
Thus, a separate response-surface equation should be written for each 
variety. Data for such equations are obtained from multiple regression 
analysis and are shown in Table 12, and the equations would be of the form: 
\ " "oi + "liP" + + "3 A + °4iKf + 
^ ^(46)i^'f^f b(36)i^s^f ^  ^(56)i^f^f' 
where = yield of the ith variety, i = 1, 2 , . . . , 9 and b^^^ is the coeffi­
cient y-intercept for the ith variety in the multiple regression analysis, 
b's are regression coefficients for specified factors. The subscript 's' 
indicates that the source of supply for the nutrient is the soil whereas 
'f' implicates the fertilizer as supplying the nutrient. 
Nevertheless, since the experiment is believed to have been properly 
designed and the treatments and varieties randomly assigned to the plots, 
there is no reason to believe that 'Hark' and PI 91.150 are in any way 
distinct from the other varieties. Even if it is granted that they are 
different from the others, the mere inclusion of these varieties in the 
experiment envisaged the possibility of their reacting differently. It 
was such presupposed differential responses that were of prime interest 
in the research. Hence the justification for including them in the compari­
sons, their apparent dis-similarity not withstanding. Furthermore, the 
1971 results (to be discussed later) did not indicate any such hetero-
Table 12. Partial regression coefficients and r2 values for the regression 
of soybean yields (kg/ha) on soil and fertilizer factors (1970) 
Soybean lines and regression coefficients 
PI PI PI PI PI 
Factor s nark 86.102 91. 150 70.242 84.957 89.005-4 
Soil pH 187.25 167.04 -829.51+ + 161.95 33.07 165.83 
? 
s 
-1539.90 807.39 2886.14 1608.91 1549.92 -67 .20 
K -4515.84 974.89 165.39 -254.70 1215 .15 -573.20 
N"f 25.47 -14.82 55.23 22.48 -1.33 -4.00— 
P-
r 
48.80 66.61 -169.94 -14.53 18.29 -58.81 
-240.19 -15.34 40.12 -83.52 -1.03 191.16+ 
^9 
? " 
s_ 
-107.56 257.80 -139.95 -224.00 -134.76 126.98 
2 
K 
s 
-179.35 563.89 1288.06 480.70 263.78 56.71 
? K 
s s 
2035.05 -1578.65 -2563.63 -734.66 -1055.86 173.70 
NfP, -4.74 -6.50 -1.74 -6.36 0.95 1.55 
r r 
2.71 7.36+ 4.26 -7.47 0.87 
^f-f 2.22 
9.96+ -2.65 8.04 -5.02 2.93 
p p. 
s 1 
-39.85 -40.41 82.80 -16.68 16.20 35 .45 
N'^f 290.54 
4.02 80.44 127.42 44.65 -154.30 
/, 1 A 0 /. n 5 ^ OA so&i = o /. no O O 1305.3: 
R2 0.2518 0.5888 0.6552 0.6912 0.5324 0.7850 
and ^  _ . 
Mgni ficant at .20 and . 10 levels of signi ficance 
resoec t iveIv. 
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PI PI PI Combined 
88.805-2 60.296-1 68.600 data 
22.72 139.02 134.71 20.23 
-802.56 2688.32+ 665.78 795.30 
1483.35 507.70 612.16 -249.75 
36.25+ 12.05 -17.44 12.80 
23.21+ -31.75 0.47 -13.07 
-4.72 -322.26++ 58.15 -41.95 
82.61 -391.12++ 135.00 -43.88 
131.84 673.84 422.26 411.30 
502.09 -1475.32 -1117.16 -646.04 
-6.74 -9 .46+ 0.82 -3.76 
-6.27 -0.56 7.89 2.55 
-2.64 1.16 7.10 2.34 
9.55 24.33 15.53 9.98 
69.73 370.88++ -72.79 84.51 
2889.68 -1306.04 480.97 1308.51 
0.4938 0.6052 0.6548 0.1711 
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geneity of error variances, thus leading one to believe that the rela­
tively large error mean squares obtained for these varieties in 1971 were 
rather peculiar to that year. 
A Duncan's test on the b-values indicated lack of significant 
varietal differences for any specified factor (Table 12), hence a non-
differential response to the soil and fertilizer input factors. This 
lack of differential responses allows a general regression equation to be 
formulated for the varieties, using the combined data. Such a generalized 
equation would look thus: 
-i = " °00 " 
1=1 
+ + b56ffKf + °36KsKf 
As previously explained, i = 1,2,...9 and represents the varieties. 
The bg^ is the intercept for the variables for the ith variety and is 
present in the equation only when prediction is called for that parti­
cular variety or a set of varieties of which it is an element; otherwise 
it is absent. (I) indicates the variety and b^g is the intercept for the 
effect in the combined analysis. This notation will be followed throughout 
this study. The b-values are given in Table 12 for the combined data and 
the AOV data are presented in Table A-9. 
The relative importance of the various soil and fertilizer variables 
in controlling grain yield can be assessed from the relative magnitudes 
of the standard partial regression coefficients. For the combined data 
the linear effects of soil ? predominated over the corresponding effects 
of fertilizer ? as is indicated bv a standardized coefficient of 0.36J for 
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soil P against -0.046 for fertilizer P, Table A-10. This is representa­
tive of the situation with respect to the different varieties, although 
the signs on the coefficients may vary. Thus the ratios for the [(standard 
partial regression coefficient for soil-P)/(standard partial regression 
coefficient for fertilizer-P)] for 'Hark', Pi's 89.005-4, 68.600, 88.805-2, 
60.296-1, 84.957, 91.150, 70.242 and 86.102 were 32.32, 72.66, 16.00, 
14.66, 13.46, 5.97, 4.00, -4.79 and -18.30, respectively. It is worth 
noting at this juncture that Pi's 91.150, 70.242 and 84.957 for which the 
absolute values of the ratios of the standard partial regression coeffi­
cients were least also gave the largest responses in absolute terms to 
applied P. Conversely, 'Hark' and Pi's 89.005 and 86.102 had the largest 
ratios and the least responses to applied P. 
For most varieties, the standard partial regression coefficients for 
soil-K were much larger than the corresponding coefficients for fertilizer-
K (Table A-10). The highest ratio occurred in Pi's 88.805-2, 60.296-1, 
86.102 and 'Hark' whereas the lowest ratios were in Pi's 91.150, 89.005-4, 
68.600 and 70.242. These ratios were, respectively, -4.18, 4.57, 5.93, 
-4.82, 2.10, 1.30, 3.80, 3.25 and 1.11. It would appear that soil as a 
source of K was dominant to fertilizer in affecting yield increases, at 
least as far as the linear components of this nutrient were concerned. 
May it be pointed out that Pi's 91.150, 89.005-4 and 70.242 had the lowest 
[(Soil K standard partial regression coefficient)/(Fertilizer K standard 
partial regression coefficient)] and also the highest responses to K. 
Conversely, Pi's 88.805, 86.102 and 68.600 with the highest ratios 
responded least to K. 
Because P and K were each applied at only two levels, it was not 
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Table 13. Partial regression coefficients and R values for regression oi 
soybean yield(kg/ha)on chemical composition of upper leaves at 
stage V-2.5 (1970) 
Soybean lines and regression coefficients 
Factors Hark PI 86.102 PI 91.150 PI 70.242 
X -835.96,b -3072.51,c 9996.67,a+ -132.92,b 
P -180.02,a -983.53,a 367.92,a -471.40,a 
K -2499.50,b -754.38,ab 3518.05,ab 74.88,a-f 
3? 197.36,a 279.95,a -258.98,a 91.45,a 
282.37,a 284.32,a -177.27,a -530.47,a 
33.93,a 80.10,a -199.98,a 386.53,a* 
)r -23.45,a 161.41,a -875.88,a 30.57,a 
-97.91,a -49.12,a 113.50,a^ -71.83,a 
ar 422.35,a -228.81,a -378.60,a -1149.32,a* 
Intercept 6066.54 11728.08 -25706.21.^ -276.79 
2 O A 1 O O U.OOlU 
''''' Stand for significance at .05, .10 and .20 Levels, respec­
tively. Coefficients for the same effect not followed by the same letters 
are significantly different at 5%. 
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PI 84.957 PI 89.005-4 PI 88.805-2 PI 60.296-1 PI 68.600 
-6117.82,d -3449.51,c -7897.54,6++ -3746.73,c -1261.54,b 
359.85,a -716.82,a 2950.01,a* 2965.26,a* 447.75,a 
-2601.51,b -3147.37, b -347.69,ab -1029.90,ab -2316.58,ab+ 
232.37,a 216.98,a -752.50,a* -633.56,a+ -60.27,a 
496.87,a 808.68 ,a 726.49,a+ 437.33,a 662.65,a+ 
23.25,a -25.80,a -191.65,a+ 62.29,a 50.40,a 
429.27,a 109.26,a 1033.33,a* -613 .06,a -81.17,a 
-155.83,a+ -36.15,a 112.42,a++ -4.56,a -21.23,a 
88.83,a -68.54,a -595.99,a* -35I.72,a+ -253.61,a+ 
17376.17 14225,70 14423.20 4916.95 4945.11 
0.3787 0.4125 0.5520 0.4968 0.4315 
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[able 14. Partial regression coefficients and R~ values for the regres­
sion of soybean yields (kg/ha) on chemical composition of 
upper leaves at stage V-4.5 (1970) 
Soybean lines and coefficients 
Factors Hark PI 86,102 PI 91.150 PI 70.242 
X -128.55,3 5830.33,b 5464.23,b 4918.56,b 
P -2537.80,b 2045.24,a -575.97,ab 1608.63,a 
K -3446.62,c++ 992.07,ab -236.40,ab 2529.34, 
-29.97,a -456.82,a -543.17,a -277.40,a 
135.00,a -69.01,a 26.67,a 125.39,a-
K- 699.75,a+T -251.19,a 150.59,a -499.90,a^ 
NP 179.35.a -314.42.a 38.37,a -556.34,a-
240.37,a 51.67,a 78.15,a -^5.69,a 
Intercept 10226.49 -17580.93 -11211.91 -15774.79 
0.2587 0.3194 0.4992 0.4987 
' ' ' • ' • Significant at .01, .05, .10 and .20, respectively. 
Coefficients for the same effect not followed by the same letters are 
significantly different at .05 level. 
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PI 84.957 PI 89.005-4 PI 88.805-2 PI 60.296-1 PI 68.600 
3830.87,b -4511.94,b 3082.86,b 16811.76,a** 1346.01,b 
682.08,ab 611.38,ab 654.66,ab 247.09,ab -662.72,ab 
565.89,ab -1026.54,bc+ 883.34,ab 2301.86,a** 518.98,ab 
-415.02,a 588.80,a -275.52,a -1829.65,a** -236.40,a 
-92.26,a-H- 63.77,a+ 26.67,a -2.35,a -13.50,a* 
-123.04,a 462.80,a** -16.59,a -558.70,a** -207.04,a-H 
42.80,a+ -233.92,a -141.65,a -19.62,a 151.40,a 
35.54,a -66.52,a -134.73,a++ -11.96,a 85.33,a 
•10282.94 11330.70 -7636.60 -39499.42 79.22 
0.4478 0.6430 0.3773 0.6360 0.3430 
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possible to compare the quadratic effects of these fertilizer nutrients 
with the values obtained from soil factors. However, with regard to the 
PK interaction, the standard coefficients for soil (PK) were larger than 
their fertilizer counterpart, as typified by a ratio of -,953/.065 for the 
combined data. Most of the coefficients for fertilizer P were negative 
in sign in contrast to the coefficients for fertilizer K which were 
positive. Also both soil-P and soil-K were positive. The negative signs 
for the partial regression coefficients for fertilizer-P may explain the 
negative response or toxicity of this nutrient source for the season. 
5. Grain yield as ^ function of foliar N, 2 and K percentages 
Regression of grain yield on chemical composition of the upper leaves 
at stages V-2.5 and V-4.5 gave results that were similar except that in 
addition to 7oN, %P, %K, (%N)^, (7oP)^, (%K)^, (%N x %P) and (7,P x 7=K) 
which were significant in the prediction equation at stage V-4.5, at 
stage V-2.5 (%N x %K) was involved in the regression equation. As with 
the soil and fertilizer variables, heterogeneity of variances for the 
nine varieties was suggested by a large 'g'-value (Table A-9), a hetero­
geneity due mostly to 'Hark' and PK 91.150. For reasons outlined earlier, 
they were included in the comparisons in spite of their larger residual 
2 
mean squares. The partial regression coefficients and R -values for the 
data are presented in Tables 13 and 14. 
6. Dry matter production as a function ox soil and fertilizer variables 
Partial regression coefficients of the yield of dry matter on fertility 
factors are tabulated for growth stages V-2.5, V-4.5 and V-8.5 in Tables 
15 through 17. Since heterogeneity of variances was ruled out by the 
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small 'g'-value obtained by Cochran's procedure (Table A-11(a)) the use of 
a coramon error variance was justified in the comparison among all varie­
ties. At all stages of growth there were significant differential varietal 
responses in dry matter production since the coefficients for each factor 
were statistically different among the varieties, as ascertained by Duncan's 
multiple range test. These significant differential responses preclude 
the use of a cornmon regression equation for all varieties. The partial 
regression coefficients obtained for the varieties will be used in such 
equations and are presented in Tables 15, 16 and 17. 
2 
From a comparison of the respective R~ values for regression of cry 
matter production on soil and fertilizer factors (Table A-13) it is not 
obvious which of the factors is of more import at stage V-2.5. There is 
an obvious varietal differential response in this regard, hence ratios of 
2 2 from 0.31 to 1.46 for (R" attributable to fertilizer factors)/(R attribu­
table to soil factors). This may in part pertain to the different root 
characteristics of the various varieties. V.'ith minor variations possibly 
due to the individual varietal ideosyncracies, it would appear that the 
fertilizer factors taken as a unit, become progressively of more impor­
tance with maturity of the plant. Tliis is evidenced by ratios of .97, 
.26, 1.11 and 3.17 for the combined data at stages V-2.5, V-4.5, V-S.5 
. _ ^ , . 2 
and R-S.Û, respectively. Tne R" values for the different parameters 
attributable to soil and fertilizer variables are given in Table A-13 of 
the Appendix. 
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Table 15. Partial regression coefficients and values for the regres­
sion of yield of dry matter (q/ha) at V-2.5 on soil and ferti­
lizer factors (1970) 
Lines and coefficients 
Factors Hark PI 86.102 PI 91.150 PI 70.242 PI 84.957 
Soil pK 1.640,a 1.919,a 1.096,a 0.816.a -0.156,a 
? 
s 
-20.234,f -14.197,e -15.859,e+ -9.038,d 11.233,a 
K 
s 
-5.765,e 2.150,d -3.777,e 4.940,c 5.903,be 
N-
t 
-0.367,a+ -0.108,a -0.238,a+ -0.246,a -0.023,a 
P-
r 
-0.334,b 1.322,acr 0.601,ab 1.505,ab* 0.612,ab 
K. -0.805,a -0.122,a -1.413 ,a+ -0.869,a -0.950,a 
"7 
? ^  
S^  
3 .094 ,a-r -1.418,ab 1.472,ab 0.802 ,ab -2 . 064 , b-r 
.. 2 
S 
-4.994,f 5.090,a4- -4.875 ,f4- -4.466,e 1.417 ,b 
P K 
s s 
11.023,0 8.814,b 1.097,d+ 6.178,0 -5.570,f 
N-P. -0.002,b 0.004,b 0.013,b -0 .011, b -0.021,3 
X.K_ 0.007 ,a-i-r- 0.019,a 0.031,a 0.069, a-r-r 0.042,a-
0.025,a 0.026,a 0.009,a 0.001,a -0.004,a 
P P. 
s r 
0.425,a -0.787,ab -H- -0. 311 ,ab -0.7 97 ,ab^ r -0.353,ab 
s^-S-
0.364 ,a -0.136 ,a 1.256,a 0.614,a 0.943,a 
Intercept 15.264 3.107 12.877 4.581 -3.818 
R2 0.4736 0.4745 0.5301 0.5065 0.5110 
''' ' ' Imply .20, .10, .05 and .01 levels of significance, 
respectively. Coefficients for the same effect not followed by the same 
letters are significantly different at .05 level. 
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Combined 
PI 89.005-4 PI 88.805-2 PI 60.296-1 PI 68.600 data 
-0.165 ,a 0.451,a 0.635 ,a -0.349,a 0.671 
5.848,b -0.182,c 7.364,b -16.197,6 -5.615+ 
7.722,b 3.236 ,cd 21.40B,a+ -18.061,f+ 1.820 
-0.059,a -0.347,a+ -0.128,a -0.025,a -0.169** 
0.685,ab 1.691,a-H- 1.117,ab 0.769,ab 0.889** 
-0.316,a -0.706,a -0.891,a -1.977,a+ -0.944* 
-0.895,ab 0.517 ,ab 0.123,ab 0.891,ab 0.576 
0.795,be 0.042,c -0.441 ,c -2.929,d -2.227+ 
-4.785,F -1.949,8 -9.262,G 13.580,a+ 3.190 
-0.003,b 0.151,a 0.004,b -0.046,b -0.006 
0.020,a 0.078,a-H- 0.066 ,a-t- 0.034,a 0.049:T* 
0.065 ,a+ -0.002,a 0.072,a 0.034,a 0.022+ 
-0.513,ab+ -0.998,b++ -0.644 ,a -0.267,a -0.470** 
0.156 ,a 0.360,a 0.613,a 1.808,a 0.714+ 
0.901 4.551 -14.419 31.323 5.985 
0.5297 0.4830 0.5245 0.5022 0.2853 
_ 2 
.able ID. Partial regression coefficients and R" values for the regres­
sion of yield of dry matter (q/ha) at V-4.5 on soil and fert; 
lizer factors (1970) 
Lines and coefficients 
factor Hark PI 86.102 PI 91.150 PI 70.242 PI 84.957 
Soil pH 
? 
" s 
K 
s 
_ 
•p -
K 
s 
? K 
s s 
X.K. 
P-K. 
P P. 
s X 
K K -
s : 
Intercept 
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''''' ' Signify .20, .10, .05 and .01 significance levels, 
respectively. Coefficients for the same effect not followed by the sane 
letters are significantly different at .05 level. 
3 . 753 ,a-r -2 .734 ,a -3.764,a+ 1.179 2 .295, .a. 
-63 .240,a** -51 .767 -51.302,a* -12.534 -35 .050, ,a-r 
-40 .548,a** -61 .691 ,a--- -44.331,a** -33.799 ,a--- -23 .398, ,a-^ 
-0 .870,a*'.- 0 .218 ,a -0.202,a 0.250 ,2 -0 .330, ,a 
1 
.2i3,ab* 1 .380 ,ab-i- -0.718,b 1.239 ,ab -0 .465 ,b 
-1 .171,ab 0 .415 ,ab 1.652,ab -2.750 ,ab-r -0 .245 ,ab 
7 .729,a** 0 .215 ,a 5.180,a* 4.407 ,a- 3 .071 ,a 
-12 .850,f* -11 .999 -8.250,d-r 7.931 ,a -8 .005 
43 .338,a** 51 . 122 ,a** 36.951,a* 0.689 ,a 26 .636 ,a-
0 .403 ,a 0 .025 , b 0.045,b -0.022 ,b 0 .045 
0 .164,a** 0 .008 ,a 0.088,a-H- 0.012 ,a 0 .003 ,a 
-0 .069,a 0 .031 ,a 0.100,a+ -0.039 ,a -0 .079 ,a 
-1 .393,a* .074 ,a -0.129,a -0.757 ,a 0 .388 ,a 
0 .768,a -0 .287 ,a- r - r  -2.090,a 2.899 , a- 0 .088 ,a 
59 .335 -101 .485 101.384 39.620 37 . 434 
0. 70895 0. 6778 0.5829 0.7024 0. 3244 
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Combined 
'I 89.005-4 PI 88.805-2 PI 60.296-1 PI 68.600 data 
2.022,a 3.524,a -3.397,a 0.282,a -0.388** 
•33.299,a-H- -38.960,a++ -9.947,a -23.110,a -35.688** 
43.481,a** -42.031,a* -22.590,a -31.600,a+ -38.184 
-0.011,a -0.366,a 0.270,a 0.129,a 0.104* 
2.404,a** 1.650,ab+ 0.485,b -0.167,ab -0.890 
-I.177,ab 1.106,ab 3.811,a+ -2.954,b 0.157** 
3.927,a++ 1.178,a 1.181,a 3.328,a -3.597* 
-2.298,c -10.103,6+ 0.750,b 1.345 ,b 5.011** 
24.561,a-H- 38.923,a* 8.476,a 11.659,a 27.074 
0.032,b 0.028,b 0.001,b 0.019,b 0.024* 
0.034,a 0.032,a 0.039,a 0.032,a -0.047++ 
0.024,a -0.078,a -0.131,a+ 0.101,a -0.044* 
-1.530,a** -0.864,a+ 0.023,a -0.609 ,a 0.500 
0.941,a -1.220,a -3.645,a+ 2.926,a 0.047 
50.468 44.421 56.302 51.895 60.155 
0.7096 0.5827 0.4285 0.5342 0.2472 
Table 17. Partial regression coefficients and values for the regres­
sion of dry matter production (q/ha) at stage VS. 5 on soil 
and fertilizer factors (1970) 
Lines and regression coefficients 
ractors Hark PI 86.102 PI 91.150 PI 70.242 PI 84.957 
11.407,a 2.292,ab -7.929,b 6.012,ab -6 .182 , b-r 
89.Oil,a 2.593,ab 47.732,ab -58.987,b -5 .677ab 
31.592,a 18,676,a -24.354,a -41.058,a -37.542,a-^ 
0.605 ,a -0.500,a 0.532,a -0 .470,a -0.649,a^ 
-0.720,a 0.915,a 1.229,a 0.408,a -3.807 ,a 
-3.230,a 3.419,a 0.304,a 3.001,a 1.885,a 
-8.245,a 1.293,a -9.868 ,a-r 4.971,a 1.963,a 
27.569,a -1.069 ,ab 12.185,ab -17.179,b 6.508,ab 
-71.421,b -6.595 ,ab -10.689,ab 51.154,a 1.936,ab 
-0.086,a 0.132,a -0.039,a -0.129,a 0.080,a 
0.106 ,a 0.164 , a-r -0.048,a 0.195,a-r 0.038,a 
-0.084,a 0.034,a 0.039,a 0.071,a 0.065 ,a 
2.259,a -0.284,a -0.820,a 0.028,a 2.547,** 
3.313,a -4.068 ,a 0.146 ,a -3.769,a -2.176,a 
-87.215 3.296 60.256 55.500 i_riO. 969 
0.5795 0.3871 0.3179 0.4733 0.7044 
Soil ?H 
? 
s 
rC 
S 
K , 
T3 -
K 
S 
? K 
s s 
X_P^ 
N -K. 
P.K. 
P P-
s r 
K K -
s r 
Inte r cep 
9 
R~ 
''''' ' Signify .20, .10, .05 and .01 levels of signifi­
cance, respectively. Coefficients for the same effect not followed by 
the same letters are significantly different at .05 level. 
87 
Combined 
PI 89.005 PI 88.805 PI 60.296 PI 68.600 data 
-6.193,b -6.480,b 9.766,ab 13.394,a* 0.805 
51.645,ab 30.205,ab 94.969,a+ 0.510,ab 15.583 
5.332,a -15.548,a 10.572,a 15.166,a -15.442+ 
0.458,a 0.124,a 0.889,a -0.096,a 0.112 
-0.696,a -0.279,a -0.718,a -0.063,a -0.400 
5.543,a 1.314,a -1.355,a -1.459,a 1.171 
-5.588,a -6.748,a -13.805,a-H- -1.966,a -3.112+ 
20.748,ab 7.465,ab 25.116,ab+ -5.213,ab 5.519 
-44.048,b -8.174 ,ab -53.675 ,b 3.20I,ab -4.028 
-0.073,a -0.120,a -0.271,a 0.010,a -0.049 
0.054,a 0.184,a+ 0.010,a 0.122,a 0.081* 
-0.151,a 0.147,a 0.045,a 0.228,a+ 0.063 
0.543,a 0.620,a 1.858,a 0.708,a 0.654+ 
-5.638,a -1.961,a 1.912,a 0.278,a -1.420 
32.414 68.025 -98.678 -61.654 27.015 
0.4200 0.4675 0.4875 0.6176 0.1525 
Table IS. Partial regression coefficients and R~ values for the regres­
sion of yield of dry matter (q/ha) at stage V-S.5 on cheTnical 
composition of the upper leaves at V-2.5 (1970) 
:actors Hark 
Lines and coefficients 
PI 86.102 PI 91.150 PI 70.242 PI 8.4957 
X 
? 
K 
XP 
NK 
?K 
9  
X 
9 
Intercept 
-146.393^ 
36.370 
108.8474 
-6.469 
-8.058 
1.550 
19.458: 
-0.359 
-21.685: 
211.245 
-62.043 
4.148 
-10.374 
1.755 
7.629 
-1.858 
4.561 
-0.815 
-4.699 
169.774 
80.034 
51.850* 
11.550 
-7.081+ 
0.050 
-0.941 
-5.033 
-1.413 
-2.253 
-288.976 
339.633 
-4.789 
197.659Z 
3.046 
-29.31Gi 
7.008 
-32.396 
-2.134 
-25.668-
-918.668 
263.150 
24.382 
74.301 
-1.606 
-18.7444 
3.456 
-23.592 
-2.376 
-0.913 
-711.602 
0.4240 0.1540 0.3363 L2184 n.395% 
Significant at .20, .10 and .05 levels, respectively. 
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Combined 
PI 89.005-4 PI 88.805-2 PI 60.296-1 PI 68.600 data 
245.041 
82.055++ 
34.158 
-14.162+ 
-2.076 
-4.440 
-17.536 
-0.804 
-0.754 
-786.349 
228.677++ 
46.920+ 
-20.006 
-10.942+ 
5.408 
-1.237 
-21.210+4-
-1.038 
0.194 
-567.915 
-96.175 
26.083 
14.479 
-0.028 
-3.001 
6.070 
10.310 
-3.236 
-7.992 
187.168 
-95.359 
9.688 
-39.766 
6.320 
1.790+ 
5.372++ 
6.893 
-2.727+ 
-1.718 
303.108 
•17.834 
16.469++ 
-8.407 
-1.883 
1.967 
2.055++ 
2.270 
-0.981++ 
-3.082+ 
47.000 
0.2446 0.5775 0.3274 0.5385 0.0811 
0 
Table 19. Partial regression coefficients and R" values for the regres­
sion of dry matter yield (q/ha) at V-8.5 on chemical composition 
of the upper leaves at stage V-4.5 (1970) 
Lines and coefficients 
Factors Hark PI 86.102 PI 91.150 PI 70.242 PI 8 4.957 
X -105.543 ,f -26.451,h -71.515,g -289.710,d -112. 349,e 
p 
-8.290 -28.598,ef -12.115,de 88.157,a* -23. 311,de: 
K -69.954 ,bcT -62.068, bc-H--96 .757, b-r -61.192,be -36. 463,c 
9 
X~ 9.095 -2.138,a 4.146,a 35.203,a+ Ç _ 291,a 
p2 0.385 -0.184, a 0.629,a 1.457,a -0. 409,a 
XP -0.060 5.864, a 0.095,a -19.238,a* 3. 516,a 
XK 11.739 10.755,a 16.629 ,a-r -17.016,a 2. 913,a 
?K -3.575 2.714 ,a-H- 4. lll,a+ 3.535,a^ 4. 932,a* 
Intercept 359.823 212.119 318.239 92.671 91.407 
R- 0.2751 0.5623 0.2703 0.3767 0.3240 
'' ' ' Significant at .20, .10, .05 and .01 levels, respec­
tively. Coefficients for the same factors not followed by the same letters 
are significantly different at 57, level. 
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Combined 
PI 89.005-4 PI 88.805-2 PI 60.296-1 PI 68.600 data 
-341.384,c++ 
-43.184,f+ 
-151.289,a* 
24.533,a 
-0.356,a 
9.260,a+ 
31.320,a* 
0.629,a 
1085.141 
0.2735 
-64.439,g 
66.894,b* 
-57.805,bc+ 
10.810,a 
-1.337,a+ 
-11.080,a* 
-13.011,a+ 
0.508,a 
98.553 
0.5483 
456.712,a++ 
23.455,c 
-136.869,a++ 
43.996,a++ 
-2.484 ,a+ 
-0.362,a 
27.074,a++ 
2.899,a 
1157.677 
0.4248 
-434.432,b* 
35.924,0 
-95.701,b+ 
57.417,a++ 
0.888,a 
9.375,a 
19.169,a++ 
1.504,a 
1043.423 
0.4603 
-121.722,** 
-67.576,** 
11.216,+  
-0.648,++ 
-1.947,+ 
-1.947,+ 
13.048,* 
1.373,* 
350.388 
0.1369 
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7. Dependence of dry matter yield on leaf percentages of N, 2 a^nd K 
Regression of dry matter yield on chemical composition of the upper 
leaves resulted in data which are presented in Tables 18 and 19, for 
regression of dry matter yield at stage R-8.0 on percent N, P and K at 
stages V-2.5 and V-4.5, respectively. While equations predicting the 
yield of dry matter at V-8.5 from chemical composition at V-2.5 included 
coefficients for %N, %P, %K, their quadratic terms and two-factor inter­
actions, the quadratic effect of K was not sufficiently significant at 
stage V-4.5 to be included in any prediction equation. There was no 
evidence of differential varietal responses to the quadratic and two-
factor terms. However, there were differential responses to %N, %P and 
7oK, the magnitude of which can be inferred from the size of the differ­
ences among the coefficients and the Duncan's test which are shown in 
Table 19. 
8. Summary and conclusions 
There were no significant P or K effects on dry matter accumulation 
at the four sampling stages, V-2.5, V-4.5, V-8.5 and R-8.0. However, at 
V-2.5, the NK interaction was significant at a = .01. Even though the 
effect was not strong enough to reach statistical significance, K did 
influence dry matter production by decreasing vegetative growth, espec­
ially for 'Hark' and PI 91.150. Varietal differences were significant 
at a = .01 throughout the season. 
As in 1969, there was a progressive decrease in the L/S ratio as the 
season progressed. There were significant varietal differences in this 
ratio, but response to N, P and K were in general not differential. Of 
he three nutrients, K significantly affected the L/S ratio by slightly 
educing it, a reduction which was highest at stage V-2.5 and least at 
tage V-3.5. Again, this illustrates the tendency for declining responses 
oward the end of the growing season. 
Grain, yield was very significantly enhanced in all varieties by K 
•pplication at the rate of 672 kg K/ha. Highly significant differential 
/arietal responses fron K were recorded, with Pi's 91.150 and 89.005 as the 
lighest 'responders' each responding by 32%. In spite of its non-signif­
icance, P either alone or with high X, was depressive of yields, especially 
at 0 kg/ha application of K. This depression of yields at high ? levels 
was "ost severe on Pi's 91.150 and 70.242; the apparent sensitivity to P 
-nay have been caused by the onset of drought early in the sunrr.er months, 
and would implicate Pi's 91.150 and 70.242 as being hypersensitive to p. 
This conclusion is supported by the fact that the P contents of the upper 
leaves of these varieties were not particularly high; in fact the leaves 
had about the lowest P contents of all the varieties investigated. Re­
sponses to X were significant but not large, a fact which nay be explained 
by the rather low X levels employed in this experiment. The highest 
response from X was 157 and was obtained in PI 91.150. 
Leaf composition was strongly affected by fertilization, '."arietal 
differences in X content were significant at the .01 level at stage '.'-2.5 
but not later in the season. There were significant X and K effects, with 
K decreasing X content; ? effects were not statistically significant and 
no differences were observed in X contents between the two samplings. P 
content of leaves was very significantly enhanced by P and X applications. 
K did not significantly affect the absorption of P or its accumulation ;n 
Table 20, CocfficicnLs of simple correlation among grain yield, dry matter production, chemical 
composition and fertilizer and soil factors (1970) 
Variables 
Yield of D.M. D.M. D.M. D.M. 7„N %N %P %P %K %K 
grain V-2.5 V-4.5 V-8.5 R-8.0 V-4.5 V-2.5 V-4.5 V-2.5 V-4.5 V-2.5 Factors 
.094 .041 .161** .079 .138* .347** .370** 
.026 .257** .057 .176** .21')** -.173** .084 
,356** .006 -.091 .081 .112* -.498** -.308** 
,155** -.192** .091 .098 .016 .012 -,080 
,132* -.292** .052 .189** .131* .009 -.182** 
,026 -.152** .130* .000 -.032 -.035 -.164** 
.049 .103 .085 
.808** .756** -.062 
.050 .011 .838** 
,291** -.157** .255** 
,058 -.029 .160** 
,215** .097 -.129* 
,025 Pert. N 
.104 Pert, P 
.851** Pert. K 
.167** Soil pH 
.054 Soil P 
.073 Soil K 
d.f. = 286 
** 
Significant at 5%. 
Significant at 1%. 
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the leaves. Varietal differences were not significant, and significant 
differential responses in leaf P content were lacking. Whereas at stage 
V-2.5 leaf K content was not significantly affected by N, ? or K, both X 
and K, but not P significantly increased accumulation of K in the leaves. 
Varietal differences in leaf K content were noticed at both sampling 
periods, and varietal responses at stage V-4.5 were differential. 
Grain yield was not significantly correlated with L/S ratio, or 
percent ? and N. However, correlation between percent K and grain yields 
were significant. It is concluded that the L/S ratio cannot serve as a 
suitable index for selection for high responding varieties. 
From a consideration of the ratios of the standard partial 
regression coefficients for regression of yield of grain on fertilizer-
and soil-P it is quite evident that the soybean crop satisfies a prepon­
derant share of its ? needs via the soil as a source of this nutrient. 
This is reflected in, and buttressed by, the coefficients of correlation 
between grain yield and soil-P, and grain yield and fertilizer or appliec-
P. These coefficients are, respectively, .132 and -.026 (Table 20,). 
'.\ith respect to K nutrition, the situation is reversed there being a nigher 
correlation between yield of grain and fertilizer K (r = .336; than grain 
yield and soil K (r = .026). 
C. 1971 Experiment 
The 1971 field experiment was a 3 x 3 factorial with three levels of 
each of P and K as variables, applied at rates of 0, 56 and 224 kg/ha of 
? and 0, 112 and 672 kg/ha of K. Three varieties, Hark. Karosoy and 
Harosoy Dt2 and 6 Pi's comprised the sub-sub-plots. K was the sub-plot 
Table 21. Dry nuiLto.r production (q/ha) of soybean line;; as af I eel ed by ra le of ferfi llzaLlon 
lerflllzcr levels (J<Wli;0 
OF 561' 224 F 
Lines ok "" 1]2K"'~ 672K  OK " "l]2K " 672K OK "1 I2K 672K 
Hark 17 . 2 ,a 14 .2 ,d 11 .8,d 15 .8 ,bc 16 . 7 ,ab 15 . 2 ,ed 17 . 3 , a 18 . 1 ,a 16 . 9 ,ab 
I'l 91. 150 17 . 3 ,a 11 . 6 ,d 13 .0,c 14 .8,b 17 . 5 ,a 14 .9,1) 17 . J , a 18, .2,a 14 .8,b 
PI 68.600 15 .5,d 16 . 2 cd 13 .3,e 17 .8,b 16 .4, bed 15 .2 ,cd 19 .5 ,a 19, .8 ,a 17 . 4 , be 
F1 86.102 16, .9, be 15 .5,c 13 .2 ,d 16.4, be 17, , 1 ,ab 15.4,e 18 .7,a 16, . 2 be 16 . 7 , be 
PL 89.005-•4 15, 0,c 16 . 1, a b 12 . 6 , d 14 .3,c 15, .7,be 14, .9,e 17, .6,a 14, , 9,c 17, .2,a 
P1 60.296- 1 13, , 3 , c d 12.4,d 13 ,4 ,cd 14, .2,c 17, , l,a 14, ,0,c 15, ,8 , a b 15, 9,ab 14, .8 , be 
Pl 88.805-2 15. 1,ede 14, 9,def 12 . 6 , t', 15, ,6 , be 16. 9, b 13. 6 , fj; 15.4 ,cd 19. 6 ,a 17. ,9,1) 
llarosoy 15. 6 ,1) 15. 6 ,c 15 .4 ,b 16, ,7,b 16. 1 ,b 13. l.c 18. , 5 ,a 19.4, a 18. 2,a 
liarosoy l)L 
') 
15. 8 ,b 14 . 4,1) 14, .7,1' 17. 8 , a 14. 8,1) 18. 7,a 18. 5 ,a 18. 7,a 18. l,a 
Means l or flie same variety not fo 1 lowed by the saute ieLLers are s 1 i I leant 1 y different af 
the .05 level. 
Table 22. Mean responses in dry matter production (response as % of control) of soybean lines as 
affected by rates of P and K (1971) 
Fertilizer levels (kg/ha) 
^ OP 56P 224P 
Linos OK 112K 672K OK ' 112K 672K OK 112K 672K 
Hark 100 82.4 68.5 92.0 97.2 88.5 100.9 105.6 98.3 
PI 91,150 100 67.0 75.2 85.9 101.1 86.2 99.0 105.3 85.9 
PI 68.600 100 104.9 85.6 115.1 105.6 98.4 125.7 128.1 112.2 
PI 86.102 100 91.6 78.2 97.3 101.4 90.9 110.4 95.6 98.5 
PI 89.005-4 100 110.5 83.9 95.2 104.3 99.2 116.8 99.2 114.2 
PI 60.296-1 100 93.0 100.2 106.0 128.7 105.1 118.4 119.3 110.5 
PI 88.805-2 100 98.9 83.7 103.5 112.0 90.1 102.4 129.9 118.7 
Harosoy 100 86.8 98.4 106.9 103.0 83.7 118.0 124.2 116.4 
Harosoy Dt 100 91.0 92.8 112.2 93.1 117.8 116.5 117.9 114.0 
98 
vhereas ? irade up the main-plots. 
1. Fertilizer effects on growth, yieId and chemical composition of the 
leaves 
a. Growth responses to 2 K Growth responses due to ? and K 
were observed by late June and varied among the varieties and treatments. 
The yields of dry matter for varying levels of P and K and the responses 
as percentage of the controls are presented in Tables 21 and 22, 
respectively. Analysis of variance showed that the linear components 
of each ? and K level as sources of variation were highly significant; 
the quadratic effects as well as the interaction of P and K did not affect 
yield of dry matter significantly (Table A-14). Averaged over all levels 
of P, the response in dry matter production was of the order of 14^ over 
the yield of controls. Most of the yield differences are attributable to 
the differences in yield between the check plots and plots receiving 224 
kg P/ha. Tne mean yields for plots receiving 0, 55 and 224 kg P/ha were 
14.4, 15.S and 17.4 q/ha of dry matter. The effect of K on dry matter 
production was negative. There was a reduction of 2 to lO/i from K appli­
cation; the greatest negative response was obtained in PI 86.102 at the 
highest K level. In general, dry matter yields at the highest K level 
were significantly lower than at the low and medium K levels. Thus, high 
rates of K. were detrimental to vegetative growth. High P either alone 
or in combination with medium K levels was conducive to growth. 
Varietal means were significantly different, with PI 60.296 yielding 
significantly less than Pi's 68.600 and 86.102, 'Harosoy' and its deter­
minate isoline. Differential varietal responses were indicated for 
neither P nor K, as shown by F-values of less than unity for each in the 
Table 23. Mean leaf areas (cm /10 leaves) of soybean lines as influenced by rates of application 
of P and K 
Fertilizer leveIs (k%/ha)^ 
OP 56P 224P 
Lines OK 112K 672K OK 112K 672K OK 112K 672K 
Hark 253,de 296,be 246 ,e 262,de 272,cde 381,a 283,bed 305,b 283,bed 
PI 91.150 330,d 319,d 334,cd 325,d 365 ,bc 375,ab 346 , bed 316,d 408,a 
PI 68.600 311,de 347,c 294,e 331,cd 452,a 347,c 390,b 342,c 410,b 
PI 86.102 340,c 353,c 360,b 388,ab 341,c 391,a 347,c 366,abc 394,a 
PI 89.005-•4 345,cd 291,C 381 ,ab 386,ab 392,a 329,d 367 ,abc 393,a 357,bed 
PI 60.296-1 426 ,c 428,c 400,c 515,a 476,b 370,de 360,de 382,d 348,e 
PI 88.805-2 319,d 363 ,ab 198,e 313,d 347,be 307,d 309,d 310,d 387,a 
Ilar nsoy 375,b 270,e 406 ,a 304,cd 326,c 324,c 325,c 309,c 284,de 
Harosoy Dt 
2 
347,a 318,ab 342,a 286,C 284,c 288,c 303,be 289,c 337 ,a 
^Means for the same line not followed by the same letters are significantly different at 5% 
leve1. 
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analysis of variance (Table A-14). 
While there were highly significant differences in leaf area among 
soybean varieties and lines, neither ? nor K had any significant influ­
ence on leaf area. Nevertheless, the variety x ? interaction vas 
significant whereas the variety x K interaction was not. Responses to ? 
ranged from -11", in determinate and indeterminate isolines of 'Harosoy' 
to 19.5% in PI 68.600. Leaf area of 'Hark' was enhanced by 11.6% while 
that of ?I 60.296-1 was depressed 7.5%. Leaf area data are in Table 23. 
b. Responses in vie Id of grain Responses of soybean varieties 
and plant introduction lines to P and K fertilizer are summarized in 
Tables 24a and 25. Varietal differences in grain yield were significant 
at the 11 level; mean yields varied from a high of 2618 kg/ha in 'Hark' 
to a low of 2256 kg/ha in PI 89.005-4. A breakdown, using Duncan's 
'^:ew Multiple Range Test' showed that 'Hark' significantly out-yielded 
all the other varieties and Pi's and that the yield of PI 89.005-4 was 
significantly lower than only those of 'Hark', PI 68.600 and PI on.AOî-?. 
The phosphorus levels, fay themselves, did not significantly affect 
yields, mean yields being 2368, 2370 and 2451 kg/ha for the 0, 56 and 
224 kg/ha ? levels, respectively. The difference in yield attributable 
to the linear effect of K was highly significant as were those due to 
the interaction of K, x P whereas those attributable to the interaction 1 q 
of X P^ were significant only at .05 level. With few exceptions, 
highest yields were obtained at the highest levels of application of K 
either alone or with high P. High P in the absence of K had little or no 
effect. Over-all, there was an obvious variety x P x K interaction, 
hence the difficulty encountered in making any generalizations with 
'I'ablf 2 4 N .  Mean yield « 1  J',rain (kg/lia) of soybean linos as affocLod l)y I' and K  aj)]) 1  i oat i on ( 1 9 7 1 )  
I.i nos OK 
OP 
11 2 K 672K 
JiÇI'lilixoi" levels (k^./ly 1, 
2 56P 2' J 
OK ] 12K ' ()72K 
224P 
OK 11 2K 672K 
Hark 2335,c 2445,be 2952,a 2776 ,ab 2631,abc 2445,bc 2606,abc 2827,ab 2537,be 
PL 91 . l')0 2169,ab 2470,ab 2546,a 2081 ,b 2495,a 2339,ab 2528,a 2556,a 2219,ab 
PL 68.600 2362,a 2488,a 2376,a 2324,a 2393,a 2452,a 2424,a 2408,a 2478,a 
PL 86.102 2270,b ro
 
CO
 
2292,b 2466 ,ab 2503,ab 2203,b 2278,b 2157,b 2695,a 
PI 89.005-4 2026,c 2585,ab 2145,be 2283,abc 2407,abc 2071,c 2053,c 2215,ahc 2515,ab 
PL 60.296-1 2102,a 2468,a 2495,a 2288,a 2194,a 2314,a 2517,a 2360,a 2486,a 
PI 88.805-2 2202,b 2270,b 2383,ab 2513,ab 2548,ab 2500,ab 2389,ab 2372,ab 2747,a 
liar OS oy 2230,b 2485,b 2328,b 2161,b 2513 ,b 2163,b 2286,b 2401,b 2884,a 
11a ro soy IH 2321,a 2 )2/k,ai 2379,a 24 17, a 2288,a 2215,a 2209,a 2522,a 2504,a 
o 
Means Cor Llie saint; vari.oLy not followed by Llie saiiio loLlors aro s i jyii f i cant ly different: at 
,05 levol. 
Table. 2Ab . Mean y i.e hi of grain (kg/ha) of soybean lines as a I fee I eil by F and K app ] i eat i on (I'l/M 
I'erLi lixeu levels (k);/lia) 
0 P 56 P 224 P 
fines OK 112K 672K OK 1 12K 672K OK 112K 672K Means 
il irk 2335,a 2445,a 2952,a 2776,a 2631,a 2445, ab 2606,a 2827,a 2537,ab 26]8,a 
PI. 91. 150 2169,a 2470,a 2546 ,ab 2081,c 2495,ab 2339,ab 2528,a 2556,ab 2219,b 2378,be 
PF 68.600 2362,a 2488,a 2376,b 2324,be 2392,ab 2452,ab 2424,ab 2408,b 00
 
2412,b 
PI 86.102 2270,a 2484,a 2292,b 2466,abc 2503,ab 2203,ab 2278,ab 2157,b 2695,a 2372,be 
PI 89.005-4 2026,a 2585,a 2145,b 2283,be 2407,ab 2071,b 2053,b 2215,b 2515 ,ab 2256,e 
PI 60.296-1 2102,a 2468,a 2495,b 2288,be 2194 ,b 2314,ab 25 17,a 2360,b 2486,ab 2358,be 
PI 88.805-2 2202,a 2270,a 2383,b :'513,ab 2548,ab 2500,a 2389,ab 2372,b 2747,a 2436,b 
liar OS oy 223(),;i 2485,a 2328,b 161, be 2513 ,ab 2163,ab 2286 ,ab 2401,b 2884,a 2384,be 
llarosoy DL 2321,a 2 124.a 2)7'), b 2417,abc 2288,ab 2215,ab 2209,ab 2522,ab 2504,ab 2353,be 
Means for Llie same Li'e.aLiueat noL fol I owed by (he same leLfers are significantly clifferenL at 
05 Leve 1 . 
Tabid 23. Mean responses in yield of grain (% of control) of soybean linos from applied P and K 
fertilizers (1971) 
Fertilizer levels (kg/ha) 
OP 56P 224P 
Lines OK 112K 672K OK 112K 672K OK 112K 672K 
Hark 100 104 126 118 112 104 111 121 108 
PI 91.150 100 113 117 96 115 107 116 11/ 102 
PI 68.600 100 105 100 98 101 103 102 101 104 
PI 86.102 100 109 100 108 110 97 100 95 118 
PI 89.005-4 100 127 105 112 118 102 101 109 124 
PI 60.296-1 100 117 118 108 104 110 119 112 118 
PI 88.805-2 100 103 108 114 115 113 108 107 124 
Harosoy 100 111 104 96 112 96 102 109 129 
Harosoy Dt 100 100 102 104 98 95 95 108 107 
Means 100 109 108 106 109 103 106 108 114 
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regard to varietal responses to P and K. In spite of the non-significance 
of the variety x P or variety x K interactions, varietal differential 
responses were indicated by responses from K ranging from 2.1% in PI 
86.102 to 10.6% in Ilarosoy; similarly responses to P varied from -1% 
in PI 91.150 to 10% in PI 88.805-2. Most responses were less than 2% 
and may be due to chance variations. 
Soil samples were taken from the control plots of each replication 
after harvest. An attempt was made to enter the soil sample values as 
variables in the mutliple regression analysis of yields on soil and 
fertilizer input variables, but the soil and fertilizer values were so 
highly correlated that a condition of near singularity in the inverse 
coefficient matrix resulted, tience the absence of coefficients for the 
soil factors in the yield equations that follow. Soil test values for 
the plots indicated that the plots were low in soil P and soil K, testing 
from 9.0 to 17.3 kg/ha for soil P and from 97.4 to 132.2 kg/ha for soil 
K; soil pH was around 6.6. 
To arrive at a set of prediction equations a multiple regression of 
the yield of grain as a function of the fertilizer variables was computed. 
In the present e: riment, there was no elimination of variables as is 
usual with the backward elimination or selection procedure, since the 
number of variables that were started with was rather small. The factors 
P and K, their quadratic and linear interaction terms were all retained 
in the equation. Such an analysis resulted in the following equation; 
^i = ^ Oi + °l?f " °llZ^^ " °2Kf " °22Kf^ + 
where Y = the predicted yield of the ith variety, i = 1, 2 , . . . , 9 and 
Table 2h. Coc 1 Tic ienls , s i j',ni f i.canee 
fcrlilLzer inpul variables 
2 
an 1 R"-val ne;; 
(1971) 
1 or ihe i-ej; re s s Ion of j;: rain yicild (k)?/h.i ) on 
ijll)Ul Lac 1 ors and coe f f ic ienl s 
Li ne s 
''f •7""^ 
P 
1-^1 
Intercopl 
Hark 70 .80.b 11 . 9 L, e d -2 .67,d 4 .87,1) -12 . 15.be 24 91,a 0 .0853 
PL 9],1')0 
-5 7 .56 , bed 421 . ]9,a-' ''- 35 .75 ,ab-l -59 .03,a** -29 .25,c'.'- 2141 ,e 0 .5175 
Pi 68.600 -35 .87 , bed 59 .66,cd 2 .35 ,cd -9 . 15 ,b 6, ,30,ab 2383,be 0 .0458 
PI 86. 102 20 .87.be 3 1, .77,ed -7 .62.d -10 .08,b 12, ,30,ab 2399,ab 0 .0905 
Pi. 89.005-4 -79. ,34,ed 236, 30,b H- 3 .07,cd -44 . 10,a-'- 33, ,38,a'.' 2245,d 0 .3467 
PL 60.2')6-L -104, 57,cd 102 , 75,c 31 .54,abe -10 .81,1) -8, ,07,be 2249,d 0 .1320 
Pi 88.805-2 275, 49,a'" -52. ,6 L ,d -63 .39, e 9 .84 ,b l- 10. 02 ,ab 2287,cd 0, .3775 
llarosoy -174. 28,d 27 1. 80,b-t-l- 42 . 5 6 , a -45, .79 ,a 14 27. 08,a* 2285.cd 0, ,3445 
liar OS oy Dl,^ -55. 74 ,l)cd -9 , 5 3 , d 7 .39, bed 0, .26,1) 1 1. 85 ,ab 2361 .be 0, 0398 
Com!; i ned da la -1'3. 55 119. 25" 5, , 64 -LH, ,27" 5. 72" 2316 
C u e  I  I  i  c  i c . n l  s  f o r  t h e  - s a m e  I  a e  I :  o r  n i l  l o i  l o w c i d  b y  I  h e  s a m e  l o i  L e i  s  a r e  s  i  j ; n  i  f  j  c a n l  1  y  d i f f e r c n l  
a  I  .  U 5  l e v e l .  ^ ,  1 - 1 - ,  m e a n s  s i g n i i l e a n t  . i l  . 2 0 ,  .  ]  0 ,  . ( ) ' )  a n d  . 0 1  l e v e l s ,  r e s p e e  l i v e l y .  
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is the coefficient for the y-intercept in the multiple regression 
analysis for the ith variety. 
The results of the test for homogeneity of various among varieties, 
using Cochran's procedure, indicated that the error mean squares were not 
heterogeneous. Consequently, a coirmon error mean square was assumed for 
the varieties making for a valid comparison of the regression coefficients. 
The coefficients were compared using "error (c)" of the analysis of 
variance (Table A-14) since such comparisons are akin to comparisons of 
variety x fertilizer-factor interactions and would ordinarily be tested 
by "error (c)." The coefficients, their significance and comparisons 
2 
are presented in Table 26, as are the R -values. 
Significant differences in the coefficients for a specified factor 
indicated differential varietal responses to that factor. '.-.'ith such 
obvious differences in coefficients among varieties, no single prediction 
equation is valid for all the varieties. However, the general frame of 
the equations are the same for all varieties, with sv'bstirv.tior.s only 
in the coefficients. Table 24b compares the varieties by treatment to 
isolate differential responses of the lines to applied ? and K. 
In the absence of added P there were no significant differences in 
the yield of grain among the varieties at 0 and 112 kg/ha of applied K. 
However, significant differences were observed at each of the other 
combinations of P and K levels. Such changes in the magnitude and 
direction of varietal differences at each level of a factor are a measure 
of the differences in the response pattern. Differences such as are 
exhibited in Figures 2 and 3 notably by 'Hark' and PI 39.005-4 at all 
levels of K and P are, by definition, differential responses to K. in 
107 
2760 
HARK 
I 
2490k 
V 
/ "y 4, 
\ 
\ 
\ 
\ 
\ 
Jx 
\ 
91150 
\ 
\ 
\ 
/</ ^//5 
\ 
0» 
o 
_j 
UJ 
> 
A 
0 
\ 
\ 
/ 
0-
.<9r 
z 2220 
< 
cc 
o 
/ 
/ 
/ 
/ 
/ 
/ 
X \ 
% 
\ 
/ 
\ 
1950 
0  k g / h a  O F  A P P L I E D  P  
5 6  k g / h a  O F  A P P L I E D  P  
2 2 4  k g / h a  O F  A P P L I E D  P  
\ 
112 6* 
kg OF K APPLIED PER HECTARE 
Figure 2. Yield of grain of soybean lines in response to K fertil 
zation at different levels of applied P (1971) 
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figure 3. Yield or grain of soybean lines in response to ? fertili­
zation at various levels of applied K (1971) 
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their responses to K and P 'Hark' and PI 89.005 formed a contrasting 
pair, since they showed the greatest dis-similarity at 0 kg/ha and 224 
kg/ha of added P, at each of 0 and 224 kg/ha of applied K. 
The varieties can be grouped into three distinct response sets: the 
first group consisting of 'Hark' and PI 91.150. This group required at 
least a medium concentration of either P or K but was intolerant of a 
combination of high levels of both nutrients. They responded positively 
to very high levels of K in the presence of low P concentrations or to 
high P with low to medium K. It would seem that among these lines P and 
K are synergistic in eliciting responses each being capable of limited 
substitution for the other. At high levels of both, however, there is a 
mutually-induced toxicity, with each cancelling out responses from the 
other. 
The second group was comprised of Harosoy and Pi's 89.005-4 and 
88.805-2 and responded the most at high levels of both P and K. At a 
combination of 224 kg/ha of P and 672 kg/ha of K each of these lines 
responded with yields that were at least 18% higher than control yields. 
At low to medium P levels, however, highest responses were from medium K 
level; responses were lacking at combinations of low to medium P and high 
K. 
Harosoy Dt^ and PI 68.600 comprised the third set and were unrespon­
sive to either P or K. 
c. Responses in percent N, 2 and K upper leaves at beginning 
bloom While the analysis of variance (Table A-15) indicates lack of 
significant effect of P and K levels on percent N in the upper leaves, 
a trend towards lower percent N caused by high K levels is discernible. 
Table 27. Mean percent N in upper leaves of soybean lines at beginning bloom as affected by P and 
K application (1971) 
Fertilizer levels (kg/ha) 
OP 5iP 224 P 
Lines OK 112K 672K OK 112K 672K OK 112K 672K 
Hark 5.11 5.28 4.87 5.22 4.91 4.85 5.14 5.05 4.89 
PI 91.150 5.05 4.92 4.80 5.11 4.82 4.75 5.05 4.96 4.78 
PI 68.600 4.79 4.93 4.94 4.90 4.89 4.72 4.74 5.00 4.57 
PI 86,102 4.94 4.69 4.81 4.88 4.92 4.75 4.94 4.86 4.98 
PI 89.005-4 5.19 5.00 4.84 5.16 5.10 4.79 5.01 4.97 4.64 
PI 60.296-1 5.08 4.65 4.88 5.11 4.87 5.01 4.94 4.92 4.94 
PI 88.805-2 5.04 4.93 4.76 4.97 4.85 4.85 5.03 4.87 4.69 
Harosoy 4.97 4.91 4.72 5.05 4.93 5.08 5.14 4.91 4.77 
Harosoy Dt^ 4.67 4.93 5.00 5.07 5.03 4.77 5.21 4.82 4.74 
Table 28. Mean percent P in upper leaves of soybean lines at beginning bloom as affected by P and 
K application (1971) 
Fertilizer levels (kg/ha) 
OP 56P 224P 
Lines OK 112K 672K OK 112K 672K OK 112K 672K 
Hark .326 .338 .304 .323 .344 .357 .422 .423 .402 
PI 91.150 .298 .330 .328 .322 .345 .343 .397 .425 .399 
PI 68.600 .307 .336 .318 .317 .366 .371 .400 .425 .401 
PI 86.102 .329 .325 .332 .332 .377 .366 .397 .397 .415 
PI 89.005-4 .338 .320 .333 .381 .390 .357 .409 .431 .425 
PI 60.296-1 .341 .327 .319 .400 .398 .379 .440 .438 .424 
PI 88.805-2 .302 .325 .302 .365 ,358 .381 .413 .399 .402 
Harosoy ,336 .324 .308 .343 .380 .366 .413 .426 .394 
llarosoy Dt .302 .331 .330 .371 .380 .358 .410 .405 .399 
Table 29. Percent K in upper leaves of soybean lines at beginning bloom as affected by P and K 
application (1971) 
Fertilizer levels (kg/ha) 
OP 5^ 224P 
Lines OK 112K 672K OK 112K 672K OK 112K 672K 
Hark 1.68 2.01 2.25 1.61 1.90 2.31 1.67 2.28 2.28 
PI 91.150 1.60 2.08 2.36 1.61 1.98 2.45 1.66 2.17 2.31 
PI 68.600 1.46 1.98 2.30 1.45 2.05 2.32 1.63 2.11 2.41 
PI 86.102 1.73 2.02 2.31 1.60 2.05 2.32 1.73 2.06 2.06 
PI 89.005-4 1.56 2.00 2.28 1.62 2.01 2.26 1.71 2.13 2.23 
PI 60.296-1 1.75 1.95 2.31 1.52 2.11 2.32 1.76 2.16 2.35 
PI 88.805-2 1.58 2.03 2.40 1.58 2.06 2.27 1.66 2.05 2.21 
Harosoy 1.72 1.96 2.28 1.57 2.00 2.21 1.67 2.11 2.28 
Harosoy Dt^ 1.57 1.98 2.26 1.63 2.08 2.07 1.76 2.05 2.38 
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Hence the occurrence at all P levels of the lowest X contents at high K 
treatments; conversely, the highest N contents occurred at the lowest K 
treatments. The P level, on the other hand, did not seem to exert any 
influence on the N content of upper leaves. With an F-value of 2.27, 
there were strong varietal differences in X content. Differential 
responses were, however, lacking. The data for X content at beginning 
bloom is given in Table 27. 
Tables 28 and 29 give the leaf percentages of P and K. Highly 
significant varietal differences occurred in percent P; also the influ­
ence exerted by ? levels was highly significant, with 12% and 28% responses 
to the medium and high ? levels, respectively. K levels did not signif­
icantly affect P content and there was no differential varietal response 
to K. K content of the leaves, unlike the X and P percentages did not 
show any significant varietal differences. The only significant sources 
of variation in this case were the fertilizer K levels, which were 
significant at the .01 level. The response to the medium H level was 12"-
whereas at the highest K level the response was 1-% of the controls. In 
all,there was a conspicuous absence of variety x fertilizer interaction. 
Multiple regression for the combined data showed that only the linear 
component of each of P and K reached significance in its effect on either ? 
or K, as the case may be; the quadratic components and the interaction 
terms were not strong enough to be significant. 
2. Relat ionship among yieId of dry matter, vie Id o f grain. leaf area and 
chemical composition 
Table 30 shows highly significant correlations between yield of 
grain and that of dry matter, 7.P and T'LK. The correlation between yield 
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of grain and was significant only at the 57. level. In addition to its 
strong correlation with yield of grain, dry matter production at beginning 
blûQûi was highly significantly correlated with in the leaves and signif­
icantly correlated with Percent K which showed strong correlations 
with grain yield was not significantly correlated with dry natter yield. 
Leaf area, per se. did not show strong correlations with any of the 
other parameters measured. Percent N, P and K were mutually highly 
correlated. 
Table 30. Coefficients of correlation among yield of grain, yield or 
dry matter (d.m.), leaf area, and , %P, 7-K in the upper 
leaves of soybean plants at stage V-5.0 (1971), n = 324 
Grain D.M. Leaf Percent Percent Percent 
yield yield area X P K 
1.000 .152** -.076 . 134* .226** .186** 
1.000 .001 .125* ^;24** -.070 
1.000 .198** .297** . 1Ô4 
1.000 .514** .173** 
1.000 .335** 
1.000 
' Significant at .05 and .01 levels, respectively. 
3 . Sumraarv and discussion 
In contrast to the condition that prevailed in 1970 when the ? levels 
were injurious to yields owing to adverse weather conditions, the condi­
tions in 1971 were ideal and responses to P and K were found. Differential 
responses were indicated for the varieties by the very strong variety ? 
X K interaction (Tables A-14, Table 24b and Figs. 2 and 3). In the absence 
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of applied P and K, varietal yields were not significantly different; 
however, yield differences were found as the mutual levels of P and K 
were changed. 
PI'S 91.150 and 68.600 have been regarded as contrasting pairs in 
this study, an assumption which has been justified. While it is true 
that PI 91.150 is much more responsive to both P and K than PI 68.600, 
it is also true that the former is more sensitive than the latter to high 
levels of these fertilizer nutrients. In this experiment, PI 68.600 was 
higher yielding at low fertility levels than PI 91.150, being outyielded 
at only medium levels of K. The average yield for the experiment for 
PI's 68.600 and 91.150 were 2412 and 2378 kg/ha, respectively. These 
yields while not statistically significantly different are a reflection 
of the sensitivity of PI 91.150 to high levels of P and K together. 
Harosoy and its determinate isoline were included in the experiment 
to test the effect of determinacy on responses. All other things being 
equal, it appears that the determinate character is Harosoy Dt^ somehow 
induced an insensitivity to either P or K. Thus, while the indeterminate 
isoline responded by 29% to a combination of high levels of both P and K 
the determinate counterpart was unresponsive to any combination of applied 
P and K. However, with the yields averaged over all levels of P and K, 
they yielded equally. 
Although the chemical composition of the upper leaves of the plant 
were more related to the fertilizer nutrients than to the soil nutrients 
as was indicated by the relative sizes of the correlation coefficients 
(Table 31) it is evident that soil P was relatively more important to 
grain yield than the fertilizer P was. This was clear from comparisons 
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of 2 values of .126 against -.185 (Table 31) for the correlations between 
grain yield and fertilizer- and soil-P, respectively. Similar reasoning 
would indicate that with r = -.197 as against r = -.035, fertilizer K 
was of more import to vegetative growth than was soil K, It is not 
surprising that omission of the soil variables in the multiple regressions 
9  
resulted in the very low RT-values, especially noticeable in 'Hark' and 
Pi's 68.600, 86.102 and 60.296-1. For these varieties, the prediction 
equations are of little value. The simple coefficients for the correla­
tion of grain yield with each of the measured fertilizer and soil variables 
are presented in Table 32 for the individual varieties. 
Table 31. Coefficients of correlation between grain yield, dry matter 
yield, leaf area, %?, %K in the upper leaves and soil 
and fertilizer input variables for the combined data (1971) 
n = 324 
Grain D.M. Leaf Percent Percent Percent 
yield yield area N P K 
126* .376** .032 .022 .644** .081 j Applied 
114* -.197** .026 -.152** .009 .701** j Applied 
169** .084 .212** .075 .193** .008 I Soil pH 
185** -.058 -.268** -.142* -.238** -.078 i Soil P 
084 .033 -.157** .036 -.113* .001 ; Soil 
' Significant at .05 and .01 levels, respectively. 
Dry matter accumulation was affected a.t u = .01 by the linear compo­
nents of applied P and applied K. The quadratic effects we re not signif­
icant. The mean response from applied P was 14/',, most of this coming in 
the second increment in P level. K was detrimental to vegetative growth. 
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lable 32. Coefficients of correlation between yield of grain and soil and 
fertilizer factors for soybean varieties and PI lines (1971) 
ractors 
Lines Applied P Applied K Soil pH Soil P Soil K 
Hark .  160 .177 .298-H- -.345:': - .273-^ 
PI 91.150 .159 -.073 .211 - .230 - .186 
?I 68.600 - .079 .135 .154 - .260 -.311 
?I 86.102 . 152 -.115 -.122 .2154 -r .433--
PI 89.005-4 .063 .111 .084 - .093 - .004 
PI 60.296-1 . 123 .225 -.050 - .104 -.051 
PI 88.805-2 .243 .321-r-r .280-i-f - .278-!  -r - .213 
Harosoy .320-H- .176 .137 -.195 -.055 
Harosoy Dt? .024 .178 -.057 .197 .368"-':  
Combined data . 126:'"': . 114-H- .169"" -. i. 8 5 "• -. 0o4 
-f, • 
significance, 
' Significant at . 
respectively. 
20, .10, .05 and .01 levels of 
decreasing yields by 2 to 10/^. High F alone or in combination with rriediurr; 
K levels was conducive to growth. In spite of significant varietal 
differences i n dry narrer accurnulation . differential respnnses t ^  eir'ner 
? or K were not indicated. There were differential varietal responses 
in leaf area from applied P, although neither ? nor K, per se, significant­
ly affected leaf area. 
Varietal differences in grain yield were significant at the 10:': 
level, with highest mean yields measured for 'Hark. ' '.•.'hereas the effect 
of K was positive and significant, P alone did not significantly affect 
yield of grains; its effect was dependent on the interaction with K. The 
PK interaction was significant at the 57. level. Highest yields were ob­
tained at 572 kg K/ha either with 0 kg/ha or 56 kg/ha of applied P. In 
general, highest levels of both P and K were detrimental to yields. Th.e 
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greatest dissimilarity in responses existed between 'Hark' and ?I 85.005. 
The former was sensitive to a combination of high levels of ? and K 
whereas the latter was tolerant of, and responded best at a combination 
of high levels of both nutrients. 
The differences among the yields of 'Harosoy' and its determinate 
isoline were not significant; this suggests that the determinancy did 
not significantly affect yields. 
D, General Discussion 
The experiments for the three years, in general, while not breaking 
any new ground did confirm most of the existing findings regarding the 
yields of soybeans in relation to P and K nutrition. Discrepancies exist 
between the results obtained in 1970 and those obtained in 1971, parti­
cularly with regard to differential responses to applied ?. '.•."hereas in 
1970 application of ? at 504 kg/ha was depressive of the yields of all 
but three varieties, in 1971 ? increased yields especially vmen in combi­
nation with K. The detrimental effect of P on yields was accentuated at 
low K treatments with or without N application in 1970, when for PI 
91.150, yield decreases were 393 kg/ha for the low X-high P-low K treat­
ments. Inconstancies in varietal responses to P are not a novel 
phenomenon and may be a consequence of weather and soil fertility factors. 
DeMooy (1965) found that benefits from P fertilization were minimal and 
occurred only when P was applied in conjunction with high K levels, yield 
isoquants derived from prediction equation for 'Chippewa' indicated that 
maximum yields were obtainable at 280 kg/ha of P and 560 kg/ha of K. 
However, in the Carrington-Clyde experiment, application of P even in 
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combination with K did not significantly increase yields. Yields in 
'Chippewa' were reduced by as much as 403 kg/ha when P applicatluu was 
raised from 0 to 448 kg/ha at 0 kg/ha of applied K. Miller (1960) also 
reported large negative yield responses due to high levels of ? in the 
absence of K fertilizer. At 72 kg P^O„/ha and 0 kg K 0/ha, and at 112 
kg P^O_/ha and 40 kg K 0/ha yield decreases were from 1102 to 356 and 
1102 to 530 kg/ha, respectively. 
The inconsistencies between the two experiments may be partially 
accounted for by the fact that the weather conditions in 1970, viz., 
severe early summer drought, were such as to induce ? toxicity at the 
relatively high level of P employed that year. This is evidenced by 
a comparison with results obtained by Groneman ('private communication) 
the same year on a site contiguous with the 1970 experimental site. Using 
four levels of ? fertilization, 0, 112, 224 and 336 kg ?/ha, the highest 
yields for 'Hark' were obtained at the 224 kg/ha level of ? application. 
Yields at the four levels were 2750, 2920, 3140 and 3100 kg/ha, respective­
ly. Thus yields were already being decreased below optimum yields by as 
little as 336 kg p/ha. This yield of 2750 kg/ha for control plots 
of Hark compares very favorably with the 2740 kg/ha obtained in the same 
year for Hark in this study. 
The deleterious effects of ? were climaxed in PI 91.150 in 1970, 
yields being decreased by 393 kg/ha for the low N-high ?-low K treatment. 
This would suggest that PI 91.150 is a very sensitive variety. However, 
in 1969 PI 91.150 responded the most, vegetatively, to P fertilization, 
especially at high N levels. Also in 1971 PI 91.150 was one of the most 
responsive to both P and K; PI 91.150 was also very sensitive to high 
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levels of these nutrients. PI 68.600 on the other hand, which throughout 
the experiments had been regarded as a logical contrast to ?I 91.150, 
•.•.•'as unresponsive to either P or K and also insensitive to either. 
There are conflicts in the ordering of the control yields for the 
three varieties that were common to these experiments and Peterson (1567) 
experiment. In his studies, PI 68.600 had the lowest yields over all ? 
levels; this is in agreement with the 1970 results in which the ranked 
control yields were in the order Pi's 86.102, 91.150 and 68.600. How­
ever, this sharply conflicts with the 1971 order: Pi's 68.600, 86.102 
and 91.150; these three varieties are medium maturity-date varieties, and 
changes in day length regime as one approaches more northern latitudes 
may be partially responsible for the conflicts. However, because of the 
P injury that may have been induced by the early summer drought, the 
validity of any critical comparison among responses obtained in 1970 
and those obtained in other experiments is questionable. The comparisons 
so far made have been made with full cognizance of this deficiency. 
Throughout the course of this study one response that was consistent 
was dry matter production which was enhanced by ? application and reduced 
by K. This may be a reflection of the fact that in some cases P may 
substitute for X, via stimulation of nodulation, t;ius enhancing vegetative 
growth. K l:as been shown, in corn, to increase stalk strength and resis­
tance to lodging. 
3oth in terms of dry matter production and leaf-weight/stem-weight 
ratios, consistently large responses from P were recorded early in the 
growing season. These responses declined later in tiie season. This 
disappearance in responses is rather unique and may explain why early 
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responses in dry matter production are not translated into grain production 
as is evidenced by the poor correlation between the two. 
The lack of differential responses in L/S ratios of the varieties 
from applied fertilizers and the poor correlation with yield would 
suggest that this ratio is not a suitable index for selection for high 
responding varieties. This has not been documented in the literature. 
Similarly, the chemical composition of the upper leaves is not a good 
indicator. 
The experiments herein reported have not produced evidence that any 
of the lines is superior to 'Hark' in grain yield or consistency of 
response. On the contrary, they have established this variety as a 
better performer than any of the lines and over the relatively wide 
range of fertility levels employed in these experiments. This is not 
surprising since 'Hark' was commercialized on the basis of its higher 
yields and good adaptation to the climatic conditions of this region. 
The introduction lines are still unproved. 
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V. RESULTS AND DISCUSSION - GREENHOUSE EXPERIMENTS 
A. 1971 Experiment 
1. Net photosvnthetic rates 
The number of measurements that could be made on any one day vas 
limited by the large number of treatments and also by the environmental 
conditions. It was possible to complete only two-thirds of a replication 
in a day; usually measurements over all the experimental units were com­
pleted in a four day period. 
Observations of the time-response plot (Fig. 4) indicated that an 
induction period of 15 minutes was adequate on most days and that after 
this time photosynthesis was maintained at the same rate indefinitely; 
the longest time investigated was 90 min. However, since the precondi­
tioning environment outside the greenhouse does affect the photosvnthetic 
rate, the induction period was extended to as long as 35 min on cold days 
or on days following cool nights. 
The analysis of variance table for the net rate of photosynthesis, 
Pn, is given in Table A-17a of the Appendix and indicates varietal differ­
ences in Pn which were significant at the 57, level of probability. The 
ranked means are shown in Table 33. 
Differences due to the level of added ? were also statistically 
significant. Generally the rates of the fertilized plants were higher 
than those or the control treatments but did not differ appreciably from 
each other. Responses ranged from -97, to PI 91.150 on 225 pp2m P to 307. 
for PI 86.102 on 450 pp2m P. These are reflected in Table 34. 
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Figure 4. plots to determine the response time required for a 
leaf to attain steady state conditions after insertion 
into the leaf chair.ber. In 1971 data were for the 
control plants of PI 86.102 on July 23. Flow meter 
air temperature ranged from 27,8 to 28.5°C; illumina­
tion was 3100 ft-c. In 1972 the leaf tested was from 
PI 91.150 at 100 pp2m of applied P; flow meter air 
'was at 24.3-34.8°C and illumination was 6000 ft-c. 
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Table 33. Mean net photosynthetic rates (Pn) (mg CO2•dm~2-hr"^) of 6 
soybean lines at mid-bloom. Light intensity = 3100 ft-c 
Lines Means 
Hark 23.30,a 
PI 86.102 22.87,a 
PI 88.805-2 21.79,ab 
PI 70.242 21.48,ab 
PI 68.600 20.11,b 
PI 91.150 19.25,b 
Means not followed by the same letters are statistically different 
at the .05 level of probability. 
Table 34. Net photosynthetic rates (mgC02•dm~2.hr~^) of soybean lines as 
affected by the rate of fertilization with phosphorus at mid-
bloom; light intensity = 3100 ft-c 
? treatment (op2m) 
Lines 0 225 450 
Hark 21.12,abcd 23.53.abed 25.24.ab 
r X 5 i DCG 17.93 ,d ZU.Zi,aDCG 
PI 88 .805-2 20.38 ,abcd 23.11,abed 21.88,abcd 
PI 70 .242 19.93,bed 24.10,abed 20.39,abcG 
PI 68 .600 18.82,cd 20.80,abed 20.69,abcd 
PI 86 .102 19.92,bed 
X = 21.46 mg CO^-dm ^-hr ^; 
22.83,abed 
C.V. = 23% 
25.86,a 
Means not followed by the L:ame letters are statistically different 
at the 5% level. 
The above results are presented in Fig. 5 as responses to applied phos­
phorus wi^h the control plants as the base. With the exception of PI 
91.150 there was a positive response to phosphorus. 
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Figure 5. Responses in rates of photosynthesis of soybean 
lines (at mid bloom) from, applied phosphorus 
(1971) 
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Pn varied according LU the period of measurement within the growing 
season. The effect of the period of measurements, which also is a measure 
of the age of the plant was highly significant and had a variance ratio 
of 106. This effect of period expressed in days after June 30 started 
as an initial decrease in the rate of Pn but ended in an increase. Thus, 
for the five measurement periods which were 5 days apart, the mean rate 
-2 -1 
on July 25 was 21.8 mg CO^-dm -hr whereas the means for the other four 
-2 -1 
periods were 17.1, 18.5, 20.4 and 33.1 mg CO^'dm -hr , respectively. 
This trend held true for all the varieties, hence the lack of a signifi­
cant variety x period interaction. As depicted in Fig. 6, there was a 
big dip in rates between July 30 and August 4. Interaction of period and 
P level was not strong enough to be statistically significant. It should 
be noted that the depressed rates occurred at a time when the night-time 
temperatures averaged 9°C as against an average of I5°C for the other 
four periods. Average day temperature were 27, 23, 25, 28 and 38°C. 
respectively. 
2. Leaf area 
Table A-17b of the Appendix gives the ANOVA data on areas of the single 
leaves used in the measurements of Pn. Indications are that all sources 
of variation, viz., varieties, P levels and periods were highly signifi­
cant. There was a mean response of about 70%, in leaf area to P addition 
with a range of 30% to 118%. By and large, most of the responses occurred 
in the region between 0 and 225 pp2m P with no increase between 225 and 
450 pp2m. These are indicated in Table 35 and Fig. 7. 
The effect of the age of the plant on the area of the most recently 
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Figure 7. Expansions in leaf areas ot soybean lines in 
response to P levels in the soil (1971) 
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matured leaf was not pronounced except in the last period at which time 
the areas were significantly lower than at the other periods. This 
effect of period can be seen in the following figures: 49.87, 48.00, 
48.11, 50.08 and 33.04 which represent the means of the areas of the 
most recently matured terminal leaflets of the trifoliate leaves at 
periods 1, 2, 3, 4 and 5, respectively. 
2 
Table 35. The areas (mm~) of the terminal leaflets of soybean lines as 
affected by the level of P in the nutrient medium 
? level ("pp2m) 
Lines 0 225 450 
Hark 
PI 91.150 
PI 88.805-2 
PI 70.242 
PI 68.600 
PI 86.102 
2 8 . 0 6 , h  
27.22,h 
31.50,h 
30.91,h 
39.14,g 
28.52,h 
X = 45.; 2 mm ; C.V. 
41.47,fg 
53.36,cd 
49.22,def 
45 .48,efg 
67.17,ab 
56 .44, cd 
= 16% 
41.84,fg 
59.22,bc 
52.63,cde 
40.26.g 
73.32,a 
5&.56,e 
Mieans not followed by the same letters are statistically different 
at the .01 leve1. 
3. Leaf thickness and specific leaf weight 
Despite the highly significant differences in leaf thickness indi­
cated by the AOV (Table A-18a) responses to ? were generally less than 
16/:, as shown in Table 36. Similarly, the differences among varieties 
were statistically significant, the differences being contributed pre-
- 2  dominantly by PI 91.150 whose mean thickness of 15.36 x 10 mm differed 
-9 
signiricantiy trom the other means which averaged 17. 07 10 mr:. 
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Table 36. The effect of P fertilization on the leaf thickness (mm x 10 ~) 
of soybean lines 
Level of phosphorus (pp2m) 
Lines 0 225 450 
Hark 
PI 91.150 
PI 88.805-2 
PI 70.242 
PI 68.600 
PI 86.102 
16.93,abcd 
14.20,e 
16.81,abcd 
15.42,de 
14.98,de 
16.96,abcd 
X = 16.78 -2  X 10 mm; 
17.77,ab 
16.01,bcde 
16.7 2,abed 
17.72,abc 
18.43,a 
17.36,abc 
C.V. = 11% 
18.63,a 
15 .87,cde 
16.94 ,abcd 
16 .55 ,abcd 
17.33,abc 
17.45,abc 
Means not followed by the same letters are statistically different 
at the .OS level. 
There was a general increase in specific leaf weight (S.L.W.) by P 
as indicated in Table 37. The response, as percentage of controls, 
averaged 20%. The mean S.L.w. of PI 70.242 was 3.11 mg*crn and was 
-2 
statistically different from that of Hark which averaged 3.65 
For the most part, the reductions in leaf thickness occurred within the 
first P addition, a nearly constant S.L.W. being maintained thereafter. 
4. Relationship among Pn, S.L.W., thickness, A? and drv-weight of the 
plants 
Apparently, the only parameter that was significantly correlated 
with the rate of photosynthesis was percent P. The data based on indi­
vidual varieties were in accord with the above and are presented in 
the Appendix, Table A-20. 
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[able 37. The effect of ? fertilization on the specific leaf weights 
(ng-min~2) of soybean lines 
Level of phosphorus (pp2m) 
Lines 0 225 450 
nark 3.17,abc 3.74,cd 4.05,d 
PI 91.150 2.78,a 3.58,cd 3.55,cd 
PI 88.805-2 3.25,abc 3.33,bed 3.35,cd 
PI 70.242 2.75,a 3.70,cd 2.89,ab 
PI 68.600 2.79,a 3.84,cd 3.46,bed 
PI 86.102 2.93,ab 3.63,cd 3.69,cd 
X = 3.33 Tng.ram ^ ; C.V. = 16% 
Means not followed by the same letters are statistically different 
at the 5% level. 
Table 38. Simple correlation coefficients based on the composite of all 
varieties and P levels 
Variables Correlacion coef : ic lent s 
%? in tops 1.000 0 .550** 0.294** 0 .467** 0.203 0 .266 
Dwt. of tops 1 .000 0.236 0 .844** 0.435:': 0 .727 
Rate of Pn 1.000 0 .139 0.174 0 . 191 
Leaf area 1 .000 0.298* .497 
Leaf thickness 1.000 0 .712 
S.L.w. i .000 
Signifies that the coefficient is statistically significant at 
.01 level. 
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3. 1972 Experiment 
1. Met photosynthetic rates 
In the 1972 experiment, because of the poor lighting conditions in 
the greenhouse the plants were physiologically very advanced by the time 
they were taken outside and had flowered much earlier than had been antic­
ipated and desired. Rate of photosynthesis measurements were not made 
while the plants were still in the greenhouse and it was not until May 24 
that measurements were commenced, by which time most of the plants had 
flowered. 
An induction period of 15 minutes was determined to be adequate to 
sustain a steady state rate in a leaf inserted in the leaf chamber. To 
avoid any lethargic effects that might be caused by exposure to cold 
nights, the plants to be measured on a specific day were brought into 
the corridor of the greenhouse the previous evening. Measurements on 
each replication were commenced in the late morning and completed in the 
late afternoon of the same day. There was usually a 7-day lapse period 
between successive measurements on the same replications. 
The AOV Table A-27 in the Appendix indicates statistically signifi­
cant differences among the varieties in ?n. With a mean ?n of 44 mg 
-2 -1 
CO^'dm -hr , the rates of PI 86.102 were significantly lower than those 
of PI'S 68.600 and 91.150 whose mean rates were 54.3 and 53.6, respective­
ly. This rate, however, was not significantly different from the means 
of Hark, and Pi's 88.805 and 70.242. 
Responses in Pn to phosphorus were not consistently positive or 
negative and ranged from -30% for PI 91.150 at 100 pp2m to 40% for PI 
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36.102 on 200 pp2m P, Table 39. However, with the exception of PI 68.600 
in which Pn was enhanced by P, the general effect of P was to depress Pn. 
- 9  - 1  
Table 39. Net photosynthetic rates (mgC02'dm "-hr ) or soybean varieties 
as affected by the level of P fertilization at full bloom; 
irradiance = 6000 ft-c 
P level (pp2m) 
Lines G 100 200 300 
Hark 42.6,bed 55.4,abc 39.8,cd 46.0,abed 
PI 91.150 60.0,a 47.5,abed 53.3,abed 53.7,abc 
PI 88.805-2 56.2,ab 39,5,d 51.2,abed 45.2,abed 
PI 70.242 50.9,abc 49.8,abed 46.2,abed 57.7,ab 
PI 68.600 54.9,abc 53.9,abc 58.2,ab 50.0,abed 
PI 86.102 37.6,d 46.4,abed 52.8,abed 39.0,d 
X = 48.6 mgCO^-dm ^-hr ^; C.V. = 32% 
>feans not followed by the same letters are statistically different 
at 5%. 
The seasonal trend in Pn is plotted in rig. 8. There was an increase 
in Pn with age of the plant. Only rates in the first and third weeks 
differed significantly. Interactions among variety, ? level and periods 
were not significant. 
2. Leaf areas 
Table A-27 indicates that there were highly significant differences 
in leaf area among the varieties as well as among the P levels. Responses 
from P were highest in PI 91.150 where average increases were of the order 
of 55%. Except in PI 68.600 which attained a maximum leaf area at 100 
pp2m P, there was an almost linear response up to 200 pp2m. The effect of 
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the age of the plant on leaf area was not statistically significant. 
2 
Table 40. Means of leaf areas (mm ) of soybean varieties as influenced 
by P levels 
Phosphorus leve1 (pp2m) 
Lines 0 100 200 300 
Hark 53.9 64.0 76.9 72.0 
PI 91.150 37.3 49.9 61.3 62.3 
PI 88.805-2 38.8 49.7 53.3 59.9 
PI 70.242 31.0 38.5 44.1 43.8 
PI 68.600 31.5 53.2 45.4 47.0 
PI 86.102 60.0 54.5 54.9 51.2 
X = 50.6 nm^ 
With photosynthesis expressed as total leaf photosynthesis rather 
than photosynthesis per unit leaf area (Table A-26) the influence of 
the phosphorus level was significant at ,05 level. P tended to increase 
the Pn per leaf with responses as high as 60%, Fig. 9. Varietal differ­
ences were not significant and the period seemed to be inconsequential 
(Table A-27). 
3. Relationship among Pn, L.A., dry weight (Dwt) and chemical composition 
The relationship among chemical composition of plants and Pn, LA and 
dry wt. of tops are presented in Table 41. The underscore in percent K 
and percent P indicates that these percentages were on the basis of whole 
plants rather on the specific leaves on which Pn rates were measured. 
With the exception of PI 91.150 and PI 68.600 (Table A-30) the rate of 
Pn was not significantly correlated with either %K or %?. The correla­
tion between Pn and %K and %P were stronger where these percentages were 
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based on the single leaves than where they were based on whole plants. 
Table 41. Coefficients of correlation among %K %P, Pn/leaf, Pn rate, 
leaf area (L.A.) and dry-wt . of plants 
Percent Percent Percent Percent Total Pn Leaf Dry 
K P K P leaf Pn rate area weight 
1.000 .144 .288 -.028 -.045 -.219 -.032 -.064 
-.475-- .850--" .245" -.069 .458** .641** 
-.429--'--' -.164 .052 -.490** -.797** 
.318** .031 .522** .622** 
.26 l'­ .307** .273* 
.224 -.112 
.615** 
1.000 
D.F. = 70 
Significant at the 5% level. 
""Significant at the 1% level. 
Other variables such as total leaf Pn, leaf area and the dry-weight 
of tops were ir.ore strongly correlated with the chor-nical ccrr.pcsiticr. cf 
the whole plant. Xet Pn was significantly correlated with neither the 
area of the leaf not the dry-weight of the plants. There were significant 
correlations of total leaf Pn with %P and dry weight, both of which were 
significantly correlated with the leaf area. 
4. Growth rate 
In the companion experiment to the 1972 rate of photosynthesis 
experiment three varieties, Hark and Pi's 91.150 and 68.600 were grown 
on the same four P levels. Three sets of data on net assimilation rate 
(XAR), relative growth rate (RGR), relative leaf growth rate TRLGR), 
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specific leaf weight (SLW) and L/S ratios were obtained during the four 
week period corresponding to the period during which Pn data were compiled 
on the varieties. NAR, RGR and RLGR were computed for the periods May 
24 to June 7, June 7 to June 21, and May 24 to June 21, the latest values 
representing the means for the entire period. Dry weights for single 
plants from each pot, LAR, SLW and L/S ratios were calculated for each 
of the periods. May 24, June 7 and June 21. These data, along with those 
on the rate of photosynthesis are presented in Figs. 10, 11 and 12 for 
Hark and Pi's 91.150 and 68.600, respectively. 
Table 42. The influence of P level on the dry-weight of soybean varieties 
Lines 
P level (PD2m)  
0 100 200 300 
Hark 63 82 100 102 
PI 91.150 47 66 83 91 
PI 88.805-2 45 70 116 92 
?I 70.242 57 82 92 GA 
?I 68.600 38 80 84 90 
?I 86.102 48 79 90 92 
X = 78 gm.; C.V. = 15/ 
Analysis of variance '.Table A-A31) indicates that the XAR values 
were not significantly affected by the variety or the level of added ?, 
as shown by the approximate horizontality in the graphs. The mean XAR. 
values for Hark, PI 91.150 and PI 68.600 were 6.7, 6.4 and 7.8 grr. ^-day 
respectively, Table A-32. 
Mean RGR values during the first period and for the seasonal mean 
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Figure 10. The effect of plant age on dry veight of tops 
(DWT), rate of photosynthesis (Pn), net 
assimilation rate (NAR), relative growth rate 
(RGR), leaf area ratio (LAR) and specific leaf 
weight (SLW) of Hark (1972) 
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Figure 11, The effect of plant age on dry weight of tops 
(DwT)j rate of photosynthesis (Pn), net assimi­
lation rate (NAR), relative growth rate (RGR), 
leaf area ratio (LAR) and specific leaf weight 
(SLW) of PI 91.150 (1972) 
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Figure 12. The effect of plant age on dry weight of tops 
(DWT), rate of photosynthesis (Pn), net assimi­
lation rate (XAR), relative growth rate (RGR), 
leaf area ratio (LAR) and specific leaf weight 
(SLW) of PI 68.600 (1972) 
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were independent of variety and P level. However, the values for the 
period June 7 to June 21 were significantly affected by these sources of 
variation (Table A-31). Mean RGR values were 4.6, 4.4 and 3.9% for the 
varieties and coefficient of variation was 43% (Table A-32), 
RLGR values for Hark, Pi's 91.150 and 6^.600 were 1.92, 1.96 and 
69%,respectively. Table A-32. Differences due to P were not significant 
but varietal differences were significant (Table A-31). Leaf/sten ratios 
for the varieties decreased from 1.03, 1.05 and .94 on May 24 to 0.60, 
0.61 and 0.48 on June 21 for Hark, PI 91.150 and PI 68.600, in that order 
(Table A-34). The P levels did not contribute significantly to the 
differences in the values, but differences among variecies were signifi­
cant for periods 2 and 3, as is indicated by Table A-33. 
Tables A-33 and A-34 show that specific leaf weight values differed 
among varieties and among treatments only during the week of June 7, and 
increased with the season. Means for periods 1, 2 and 3 were 5.09, 5.67 
and 8.13 mg-cm ^. respectively. îv\R value? •'••ere significantly different 
at .01 level for the varieties, Table A-33. Ratios were highest for May 
24 and decreased with the season. LAR values for Hark, Pi's 91.150 and 68.600 
9  
were 80, 77 and 65 cm"/g,respectively, with C.V. of 15%, (Table A-34). 
NAR, RGR, RLGR and LAR were significantly correlated with one 
another. Very significant correlations were shown between XAR and each 
of RGR and RLGR; the correlation of LAR and either NAR or RGR was negative. 
These correlations are shown in Table 43, below. 
Table 44 is a matrix of the simple correlation coefficients obtained 
by combining the data from the two experiments of 1972. Based on the two 
experiments it did not appear that Pn rates are explainable in terms of 
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Table 43. Matrix of simple correlacion coefficients 
lArea NAR RGR RLGR LÂR SLW %K %P Dwt 
1.000 -.021 .333* .485** .383** -.369** .867** .407** .606** 
1.000 .806** .413**-.559** .639** .119 -.084 .366* 
1.000 .721**-.143 .223 .3:4^^-.111 .374** 
1.000 .428** -.291** .381 -.261 .066 
1.000 -.716** .291 -.266 -.444** 
1.000 -.023 .031 .116 
1.000 -.065 -.170 
1.000 .607** 
d.f. = 46 1.000 
any other growth parameter. Where simple correlation coefficients were 
calculated for the average rates of Pn and the leaf areas for a specified 
period, there was a significant negative correlation between the rates 
in the second week and the seasonal leaf areas, r = -.617. 
On a variety basis. Table A-30, in PI 91.150 the correlation between 
average daily dry weight gain for the season and Pn for the first measure­
ment period was significant (r = .918, d.f. =2). A similarly sized 
correlation existed between Pn in the second week and the average daily 
weight increases for the period May 24 to June 7. In PI 68.600, Pn for 
the second week was correlated with the area of the leaves and the average 
gain in weight for the succeeding week with r values of .951 and .976 
(d.f. =2). Similar relationships existed for Hark. 
C. Discussion 
The objectives of the 1971 and 1972 experiments were to find out to 
what extent P in the nutrient medium influenced the net rate of photo­
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synthesis and tc what extent this rate was related to other growth varia­
bles. The first objective was met but the second was not satisfactorily 
resolved. 
Differences were noted among the Pn of lines used in the study. The 
existence of varietal differences is in agreement with the findings of 
Brun and Cooper (1967), Curtis and Ogren (1968), Dornhoff (1969) and 
U'inborn (1971). However, these differences were not consistent through 
the years. For example, in 1971 Hark and PI 86.102 had highest Pn values 
but in 1972 their mean rates were lowest. The situation with respect to 
PI'S 91.150 and 68.600was the reverse. One can only explain these incon­
sistencies if it is remembered that these data were not collected during 
the same growth stages and that the discrepancies tnay only be a manifesta­
tion of the interaction of variety with the period of measurement or age 
of the plant. Furthermore, the varieties although of identical chrono­
logical age, do not attain the same physiological maturity simultaneously. 
In this connection, it should be mentioned that Hark nsna'iy flowered at 
least 7 days ahead of the other varieties and PI 88.805-2 matured about 
2 weeks earlier. This illustrates the frustrations encountered in working 
with varieties that are so obviously different. 
A second point of disagreement between the years is that the rates 
for 1972 are approximately double those for 1971. This may be partially 
due to environmental conditions outside the greenhouse, but the bulk of 
the inconsistency may be due to the different conditions in the leaf 
chamber environment. For one thing, larger chambers with greater 
turbulence and higher flow rates were utilized in 1972. Turbulence is 
known to favor higher Pn rates. Light intensity in 1972 was 6000 ft-
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candles as against 3100 ft-candles in 1971. Thus, it is quite probable 
that the leaves in 1971 were light-starved. The rates obtained in these 
chambers are comparable with those by Winborn (1971) and Dornhoff (1971) 
using the respective chambers. 
Another source that could account for the higher rates in 1972 is the 
age of the plants. The plants in 1972 were, in general, much older than 
those of 1971, and had flowered and, in many cases, had developed pods by 
the time measurements were begun. The development of pods may have created 
additional sinks thus making greater demands on the photosynthesizing 
leaves. This sink-source effect has been reported in soybeans (Dornhoff 
and Shibles, 1970), Soybean leaves produced late in the season showed 
higher pn. Thus 'Amsoy' and 'Richland' showed rates of 47.6 and 37.0 mg 
-2 -1 
CO^'dm "'hr , respectively, when measured during the seed-filling stage 
- 9 _ 1 
as compared with rates of 23 and 24 mg CO^»dm "-hr measured in flats of 
seedlings. In contrast, Winborn (1971) reported a non-significant corre­
lation between Pn and stage of growth, a result attributed to the rates 
being sampled after they had reached a plateau in August. 
The sink-source relationship is evident in Figures 4 and 8 which 
show the seasonal trends in Pn. Fig. 8 shows a progressive increase in 
?n with the season as has already been discussed above. In contrast to 
Fig. S where there is no depression in rates with time, one observes, in 
Fig. 4, reduced Pn between July 25 and August 4. While the initial 
reductions may have been due to the fact that the plants were just 
beginning to flower by June 30, the reduced Pn around August 4 is attri­
butable to cold temperature effects. The difference in night-tine 
temperatures between this period and the rest of the season was of the 
order of 6°C, a temperature drop which may have induced a metabolic shock 
which consequently translated into reduced Pn. It is also possible that 
such cold temperatures restricted new growths and respiration leading to a 
non-utilization of the accumulated photosynthates. The result of this may 
be to depress assimilation to rates which balanced the rate of utilization 
This end-product inhibition mechanism is in accord with the scheme elabo­
rated by Warren-Wilson (1966). It is the depressed rates around this time 
that contributed to the large F-ratio obtained in the analysis of variance 
The apparent conflict between results of both years with respect to 
the effect of P levels on Pn rates disappears when the data are analyzed 
on variety basis. Comparison of the means of each variety for the various 
P treatments shows that there is no defined effect of P on rates, as is 
apparent from Tables 34 and 39. Increased total Pn per leaf expressed 
in Fig. 9 is a result of increased leaf areas by phosphorus rather than 
increased photosynthetic rates. This enhancement of leaf area expansion 
is not a -".ononoly of P and may be caused by any other nutritional or 
environmental factors that cater to the well-being of the plant. 
Increase in leaf areas of soybean plants under ? nutrition has not 
yet been mentioned in the literature. This increase may be as high as 
100% as in PI 91.150, with the maximum area of the most recently matured 
leaf decreasing with the age of the plant. This decrease in leaf area 
parallels the decrease in the growth rate of the plant as a whole. It is 
interesting to note that PI 86.102 which in 1971 had the lowest mean leaf 
area in the control plants also had the highest net Pn rates in that year 
In 1972, the correlation between Pn and leaf area was significant '"r = 
0.596). This tends to clarify the relationship between sources and 
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sinks. With a smaller leaf area ratio, plants have a proportionately 
larger sink for their photosynthates. Hence, the correlation coeffi­
cient of -.224 which is significant at the .10 level. 
Specific leaf weight is an index of the thickness of the leaf; so is 
its reciprocal, the specific leaf area. SLW is thus positively correlated 
with thickness (r = .712). In neither year was SLW significantly corre­
lated with the rate of photosynthesis. This is a significant deviation 
from the results of Dornhoff (1959) and Winborn (1971) who obtained signif­
icant positive correlations between SLW and Pn. The correlation coeffi­
cient obtained by El-Sharkawy for the same variables was negative. Unless 
these sets of results are adequately reconciled, it would seem futile to 
try to explain photosynthesis and select for it on the basis of leaf 
thickness. 
Since NAR measures weight gains resulting from both CO. fixation 
and mineral uptake without discriminating between them, it is, at best, 
only an approximate measure of net photosynthesis. Unlike the data cf 
Buttery and Buzzell (1972) showing a significant positive correlation 
(r = .83, 10 d.f.) between NAR and Pn, the results in this study show 
no such correlation, (Table 44). Their use of improved varieties may 
provide a partial answer to the conflict. While being selected on the 
basis of yield, these improved varieties may have been selected on the 
basis of XAR and perhaps Pn. However, the existence of a significant 
correlation (r = .918, d.f. = 2) between Pn and the average daily gain 
in dry-weight for PI 91.150, for example, would tend to lend credence 
to their results. 
Table 44. Simple correlation coefficients for the combined data from the experiments on rate of 
photosynthesis and growth rates 
Total Area 
Pn of 
7oK 7oP Dwt Pn /leaf leaf 
Leaf 
L/S Areas lAR SLW RGR RLGR NAR 
1.000 -.716** -.942** .482 -.698* -.823 .379 -.763** 
1.000 .826** -.086 .829** .618* .365 .662* 
1.000 -.388 .823** .832**-.427 .728* 
1.000 -.074 .596* -.254 -.542 
1.000 .717** .388 .586* 
1.000 .046 .878** 
1.000 .211 
1.000 
.138 .204 -.081 .148 .168 
-.401 .036 -.146 -.455 -.004 
-.250 .098 -.197 -.361 -.291 
-.417 .261 -.091 -.261 .349 
-.234 -.106 -.258 -.262 -.281 
.252 -.226 .042 -.140 -.419 
.797**-.149 .365 . 113 -.209 
.267 -.367 .254 -.192 -.333 
1.000 -.595* .465 .469 -.465 
1 .000 .420 -.439 .421 
1.000 .418 
1.000 
.322 
.054 
1.000 
D.F. = 10 
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VI. SUMMARY AND CONCLUSIONS 
Given differential responses to applied fertilizers at the level of 
the cultivar, the primary objectives of this study were: (1) to find soy­
bean varieties that were relatively responsive, in terms of seed yield, to 
? and K fertilizers and (2) to find reliable indices, if any exist, of 
selection for responsiveness. Experiments were done during the years 1969-
1972 in both the field and greenhouse in pursuance of the above objectives 
using lines that had been chosen from the set investigated by deMooy (1965) 
and Peterson (1967). 
Observations included the following: 
a) Dry-weight measurements of stems and leaves and determination of 
total dry weight yield of tops and the ratio of leaf-weight/sten-weight 
of each variety and treatment combination at several stages of development, 
b) Chemical composition of the upper leaves with respect to N, ? 
and K, 
c) Yield of grain and responses from applied fertilizers among the 
varieties and PI lines, 
d) The net photosynthetic rates of the varieties in relation to the 
level of P applied to the soil; net assimilation rates, relative growth 
rates, relative leaf growth rate, leaf area ratio and specific leaf weights 
of the varieties as related to added P fertilizers. 
All experiments were based on the split-plot design or some variant 
of it, with the fertilizer levels serving as main-plots and varieties as 
the lowest division of the split- or split-split plots. Statistical 
analysis included multiple regression techniques and correlation analyses. 
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The data on grain yield,dry-matter production, and chemical composition 
were fitted to quadratic response surface equations comprised of fertilizer 
and scil input variables. Grain and dry-matter yields were also regressed 
on chemical composition at various developmental stages. The partial 
regression coefficients for the individual factors were compared for 
differences among the various lines for differential responses by means of 
Duncan's multiple range test, since differences among the coefficients for 
a given factor are expressions of the failure of the responses of the 
varieties to be the same for the factor in question. 
In 1970 a 2"* factorial experiment was conducted at Ames with each of 
the factors N, P and K using eight PI lines and Hark in split-split plots. 
The P levels, 0 and 504 kg/ha constituted the main-plots whereas the X and 
K levels at 0 and 75 kg/ha and 0 and 672 kg/ha, respectively, comprised the 
sub-plots. In 1971, in a 3 x 3 factorial experiment, P levels of 0, 56 and 
224 kg/ha were the main-plots. The sub-plots were the three levels of K, 
namely. 0. 112 and 672 kg of K/ha. The sub-sub-plots were made up of three 
varieties and six Pi's. 
Leaf-weight/stem-weight ratios were found to vary among the varieties 
and independently of either of the fertilizer nutrients ? and K. These 
ratios, however, were a function of the stage of development of the plant 
and decreased toward the end of the growing season in both 1969 and 1970. 
There was no significant P or K effect on dry matter production in 1970, 
but differences in 1971 were significant. The general effect of K was to 
decrease the production of dry matter; P had the reverse effect. Varietal 
differences were significant but differential varietal responses from the 
applied fertilizers were lacking. 
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Varietal differences in grain yield were highly significant in both 
1970 and 1971. In 1970 the P effect was not significant whereas the K 
effects were significant and significant differential responses to K were 
noted. ? was injurious to sone varieties but not to others, thus indicating 
differential sensitivities and tolerances to this nutrient. The apparent 
P injury was thought to have been induced by the onset of early sunmer 
drought which was characteristic of that year. In 1971, varietal differ­
ences were significant at the 1% level of probability. There were signif­
icant responses to K but not to P; however, the P x K interaction was 
highly significant and differential responses were noted. While some 
varieties yielded best at a combination of high levels of both ? and K, 
these levels were detrimental to the yields of other varieties. Still 
others were unresponsive to either of these nutrients. These unresponsive 
varieties also responded the least to K in 1970. 
Leaf percentages of N, P and K were strongly dependent on the rates 
and nature of fertilization. The percent N was sometimes reduced by nigh 
K levels. The P level in the leaf was affected only by P fertilization 
whereas the percent K in the leaf was affected by the K level, the P x K 
and N X K interactions. 
Larger responses from applied fertilizers were obtained at the begin­
ning of the season than towards the end, both in terms of dry-matter 
production and L/S ratios. These decreases in responses with the age of 
the plant were invoked to explain the failure of translation of dry weight 
increases into increases in grain yield. Grain yield was not significantly 
correlated with L/S ratio, dry weight, or chemical composition. The results 
of these exoerir.ents do not indicate that those parameters would be useful 
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as indices of selection for responsiveness. The experiments did not pro­
duce evidence that any of the PI lines used in the study were superior to 
'Hark' which consistently outyielded the lines under the conditions of the 
experiments. 
Greenhouse experiments were conducted in 1971 and 1972 to determine 
differential responses in photosynthesis to application of P to the soil. 
In each of the years the main-plots were the P levels whereas the varieties 
made up the sub-plots. 'Hark' and five lines were compared at three levels, 
0, 225 and 450 pp2m P in 1971 and at four levels 0, 100, 200 and 300 pp2m 
in 1972. Rates of photosynthesis, Pn, were measured on intact leaves 
using atmospheric CO^; net CO^ uptake was determined by calibration of the 
infra-red gas analyzer against standard gases. 
- 2  - 1  
In 1971 mean photosynthetic rate at midbloom was 21.46 mg CO^-dm "-hr 
with a coefficient of variation of 237=. Varietal differences and ? effects 
were statistically significant at 5% level of significance, Pn rates of 
fertilized plants were higher than those of unfertilized plants but the 
differences among the fertilized plants were not significant. As was indi­
cated by a non-significant P x variety interaction, responses in Pn among 
the varieties were not differential. The age of the plant significantly 
affected the rate of photosynthesis which was on the increase towards the 
end of the four-week measurement period. There were positive responses 
in leaf area, thickness and specific leaf weight from P applications. Mean 
responses in leaf area from applied P were 70%, mostly in response to the 
low rate of P addition; significant differential responses occurred in this 
regard. The percent P in the most recently matured trifoliate leaf was the 
only parameter that was significantly correlated with Pn. 
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in 1972, statistically significant differences in Pn were measured 
-2 -1 
among the varieties. The mean rate of Pn was 44 mg CO^-dm -hr with a 
coefficient of variation of 32%. The P levels were not significant in in­
fluencing photosynthetic rates and differential responses were lacking. 
Leaf areas, as in 1971, were significantly enhanced by ? additions and 
varied among varieties. iJhen photosynthesis is expressed as total leaf 
photosynthesis rather than on the basis of unit leaf area, increases due to 
? levels were as high as 60% and varietal differences were not statistical­
ly significant. Total leaf Pn, leaf area and dry weight of tops were more 
strongly related to the chemical composition of the whole plant than with 
the composition of the upper leaves. 
Measurements of net assimilation rate (NAR), relative growth rate (RGR), 
relative leaf growth rate (RLGR) and leaf area ratio (lAR) and correlations 
of these with Pn indicated that rates of Pn were not explainable in terms 
of these growth parameters. However, Pn was significantly correlated with 
the average daily weight gain for the measurement period. 
From the two greenhouse experiments it was concluded that neither total 
leaf Pn nor the Pn per unit leaf area could serve as a suitable index of 
selection for responsiveness in grain yield to applied P since significant 
varietal differences in total leaf Pn and differential responses were 
lacking. Increases in total leaf Pn were mostly a result of increases in 
leaf area rather than increases in Pn rate and tended to remain constant 
among the varieties. 
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The objectives of the study were partially met. While differential 
responses in yield to applied P and K were established, the goal of obtain­
ing indices of selection for high responding varieties was not attained 
and must await future research in this field. 
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APPENDIX 
Table A-1 F-values for the analyses of variances, means and coeffixicnts of variation for dry 
matter production (q/ha) and L/S ratio of three soybean linos at three stages of growth, 
(A) beginning I)loom, (13) Ful J-Bloom and (C) Knd of Bloom 
F-valiies and s iKnif icance 
Sources d.f, 
Yield of dry matter L/S ratio 
Replications 5 
N levels 1 
P levels 2 
N X P 2 
Krror(a) 25 
Varieties 2 
N X V 2 
P X V 4 
Error(b) 25 
1.74 
1 2 . 6 8 * *  
3.92* 
• 1 
4.87* 
2.41 
1 
] .03 
7 .45* 
2.09 
1.69 
4.96* 
1 
<1 
4.55* 
1.05 
1.21 
1 
• 1 
I 
A 
3.76 
7.58* 
<1 
< 1  
6 . 1 6 * *  
1 
1 
1.71 
• 1  
<1 
• 1  
• 1 
•:l 
1 
1.70 
• 1 
1.35 
•:l 
1 . 6 1  
2.05 
1.56 
Mean 
c;. V. 
6 .  1 2  
337, 
9.78 
2:!/, 
25.58 
2 1 / .  
2.70 
39%. 
.33 
23/, 
.36 
19/, 
I n d i c a t e  s  i  g n  i  I ' i  c a n c e  a t  57 a n d  1 7 ,  l e v e l s ,  r e s p e c t i v e l y .  
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iable A-2. Analyses of variances of the dry matter yield (q/ha) at 
growth stages V-2.5, V-4.5, V-8.5 and R-8.0 of soybeans 
(1970) 
Mean squares and significance 
Sources d.f. Stage V-2.5 Stage V-4.5 Stage V-8.5 Stage R-8.0 
Slocks 3 60.3606 43.0660 154.3246 166.7014 
P levels 1 73.1339 10.0747 374.5875 1079.3040 
Error (a) 3 22.8570 64.4385 114.2532 176.6997 
N levels I 1.9192 80.5096 75.7573 427.7033 
K levels 1 0.0467 35.7631 80.2986 280.6563 
XK 1 39.7801** 9.2748 384.3972 108.5041 
XP 1 3.3478 0.8638 56.4201 59.3562 
PK 1 7.9053 18.4588 80.0907 0.0394 
XPK 1 7.8397 1.5502 121.9275 110.9516 
Error (b) 18 4.6612 23.9999 105.1176 145.2803 
Varieties 8 9.5769** 40.4012** 221.9220** 341.5644** 
V"? 8 1.3343 7.6008 69.1391* 28.7563 
VN 8 1.4254 15.2596* 36.5326 80.1511 
VK S 0.2492 4.9927 36.8628 36.9031 
8 0.3467 3.6057 21.7107 36.7349 
VPK 8 1.6670 7.3121 20.4530 17.6869 
VXK 8 2.1672 6.9225 15.8788 37.1597 
VPNK 8 2.7054 10.1675 27.9617 141.2025* 
Error (c) 192 2.3924 7.4238 24.2766 56.1662 
Significant at 5% and 1% levels, respectively. 
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lable A-3. Analyses of variances of the L/S ratio of soybean at stages 
V-2.5, V-4.5 and V-8.5 
Sources d. f. 
Mean squares and significance 
Stage V-2.5 Stage V-4.5 Stage V-8.5 
Blocks 
P levels 
Error (a) 
N' levels 
K levels 
NK 
N"P 
PK 
NPK 
Error (b) 
Varieties 
VP 
VN 
VK 
VNP 
VPK 
VXK 
VNPK 
Error (c) 
3 
1 
3 
1 
1 
1 
1 
1 
1 
18 
192 
2.4663 
1,3489 
2.2459 
0.5025 
1.8320* 
0,0215 
1.2840 
1.0500 
1.5065 
0.3462 
1.9596** 
0,1696 
0,0732 
0.2533 
0.0709 
0.2434 
0.2862* 
0.2057 
1,1368 
1.8657 
0 . 0 0 2 1  
0.4007 
0.0037 
1.3122* 
0.0095 
0.2156 
0.0242 
0.2937 
0.8329* 
0.2547* 
0.0759 
0.0615 
0.0656 
0.1229 
0.1107 
0.0394 
0.0989 
0.1827 
0.0008 
0.0222 
0.2194 
1.6943*' 
0.0906 
0.0015 
0.4488* 
0.1735 
0.0907 
0.6922* 
0.058Î 
0.0280 
0.0521 
0.0230 
0.0659 
0.0337 
0.0159 
0,0296 
: Significant at .05 and .01 levels, respectively. 
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Table A-4. Analysis of variance of the yield of grain (kg/ha) of 
soybean (1970) 
Source d.f. Mean square F. 
Blocks 3 352238.951 2.09 
P levels 1 48596.278 <1 
Error (a) 3 167818.950 — — 
N levels 1 599408.994 5.406* 
K levels 1 8574165.018 77.342** 
NK 1 634877.034 5.726* 
NP 1 382801.948 3.457 
PK 1 109757.855 <1 
NPK 1 124690.701 1.124 
Error (b) 18 110847.783 
Varieties 8 3777962.242 43.480 
VP 8 121728.583 1.401 
VN 8 125552.639 1.445 
VK 8 223330.624 2.570* 
VNP 8 28035.110 <1 
VPK 8 61477.611 <1 
VIY K 8 71985.651 <1 
VNPK 8 169185.687 1.947 
Error (c) 8 86887.639 — -
Total 287; Corrected S.S. =6734669.622 
Significant at 5%. 
irk 
Significant at 1%. 
172 
Table A-5. Analyses of variances of percent N in upper leaves of soybeans 
at stages V-2.5 and V-4.5 (1970) 
Stage V-2. 5 Stage V--4.5 
Source d.f. Mean square F Mean square F 
Blocks 3 0.1551 1.09 1.5880 21.723 
P levels 1 0.7350 5.12 0.1901 2.600 
Error (a) 3 0.1412 - — 0.0731 
N levels 1 0.0064 <1 1.6836 13.809** 
K levels 1 0.7848 13.427** 0.8213 6.763* 
NK 1 1.1594 19.855** 1.1909 9.768** 
NP 1 0.2002 3.429 0.0316 <1 
PK 1 0.8767 15.013** 0.6328 5.190* 
NPK 1 4.8801 83.571** 2.2049 18.085** 
Error (b) 18 0.0583 - — 0.1219 - — 
Varieties 8 0.1114 4.574** 0.0354 1.059 
VP 8 0.0613 2.506* 0.0607 1.814 
VN 8 0.0492 2.011* 0.0586 1.715 
VK 8 0.0270 1.103 0.0608 1.818 
VNK 8 0.0305 1.246 0.0624 1.867 
\rMp S C.G719 2.937** 0.0288 <1 
VPK 8 0.0684 2.794** 0.0667 1.993* 
VNPK 8 0.0674 2.752** 0.0849 2.539* 
Error (c) 192 0.0245 0.0334 - -
Total 287 — - — — — 
^Significant at .05. 
** 
Significant at .01. 
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Table A-6. Analyses of 
at stages V 
variances of 
-2.5 and V-4.5 
percent P in 
(1970) 
upper leave s of soybeans 
Sources d.f. 
Stage V-2.5 Stage V-2 .5 
Mean square F Mean square F 
Blocks 3 0.0378 7.746 0.0584 8.419 
P levels 1 0.7529 154.000** 0.3852 59.587** 
Error (a) 3 0.0048 — - 0.0069 - -
N levels 1 0.1046 10.323** 0.1870 11.075** 
K levels 1 0.0128 1.265 0.0611 3.629 
NK 1 0.4864 47.985** 0.1774 10.534** 
NP 1 0.1930 19.041** 0.1330 7.899* 
PK 1 0.1050 10.361** 0.0979 5.813* 
NPK 1 0.0074 <1 0.0003 <1 
Error (b) 18 0.0101 — - 0.0168 — — 
Varieties 8 0.0020 <1 0.0027 1.601 
VP 8 0.0039 1.614 0.0019 1.037 
VN 8 0.0190 7.716** 0.0179 10.364** 
VK 8 0.0165 6.713** 0.0140 8.101** 
VNK 8 0.0115 4.677** 0.0136 7.898** 
VNP g 0 CC7S 0.0120 6.934** 
VPK 8 0.0028 1.147 0.0008 <1 
VNPK 8 0.0017 <1 0.0020 1.171 
Error (c) 192 0.0024 - - 0.0017 - -
* 
Significant at 5% level. 
irk 
Significant at 1% level. 
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Table A-7. Analyses of 
at stages V 
variances of 
-2.5 and V-4.5 
percent K in 
(1970) 
upper leaves of soybeans 
Stage V-2.5 Stage V-4.5 
Source d. f. Mean square F Mean square F 
Blocks 3 0.5075 <1 0.1516 <1 
P levels 1 0.0272 <1 0.0389 <1 
Error (a) 3 0.5270 0.1572 - — 
N levels 1 0.1266 <1 0.8833 9.580** 
K levels 1 0.0253 <1 0.4632 5.023* 
NK 1 0.9964 3.529 0.0282 <1 
NP 1 0.0391 <1 0.3864 4.191** 
PK 1 0.1711 <1 0.1775 1.925* 
NPK 1 61.254 216.900** 53.0879 575.767** 
Error (b) 18 0.2823 0.0922 
Varieties 8 0.3508 6.843** 0.1477 2.823** 
VP 8 0.05000 <1 0.0412 <1 
VN 8 0.0349 <1 0.0678 1.296 
VK 8 0.0531 1.037 0.1040 1.987* 
VNK 8 0.0589 1.149 0.0457 <1 
VNP 8 0.Q4SS <1 rsroc V/ « 1 • 121 
VPK 8 0.0552 1.078 0.0994 1.900* 
VNPK 8 0.1496 2.918** 0.1281 2.447* 
Error (c) 192 0.0512 - - 0.0523 — 
Significant at 5%. 
** 
Significant at 1/». 
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Table A-S. Yield of dry matter (q/ha) of soybean lines at stages V-2.5, 
V-4.5, V-8.5 and R-8.0 as influenced by the rate of fertiliza­
tion (1970) 
Treatments and means 
Stages and Lines 0-0-0 1-0-0 0-0-1 1-0-1 0-1-0 1-1-0 0-•1-1 1-1-1 
Stage V-2. 5 
Hark 7.96 6.94 5. 65 t. 86 8. 05 7. 04 6. 94 9. 41 
PI 86. 102 6.49 6.78 6. 47 5 . 82 7. 23 7. 70 7. 16 7. 43 
PI 91. 150 6.51 5.77 6. 35 5. 60 7. 25 6 . 69 6. ,47 7. 98 
PI 70. 242 6.82 5.90 6. 14 7. 01 8. 23 7 . 19 7. 04 8. 62 
PI 84. 957 6.17 5.20 5. 84 7. 12 6. 35 5. 67 5. 82 7. 21 
PI 89. 005-•4 7.39 7.01 7. 08 6. 51 7. 76 6. 91 7. ,98 8. 31 
PI 88. 805-•2 8.40 6.82 6. 69 7. 34 8. 82 8. ,17 7. ,16 8. 15 
PI 60. 296-•1 6.29 7.80 6. 89 7. ,04 8. ,33 6. ,86 7 . 35 11. 62 
PI 68. 600 6.54 6.09 4. 92 6. ,00 6. ,76 7. , 13 6. ,76 6. 96 
Stage V-4. 5 
Hark 17.44 14.79 15. 63 18. 28 17. 24 15. ,83 14, .81 17. ,44 
PI 86. 102 14.57 16.65 15. 69 16. 59 14. 75 16. ,90 14, .31 ID. 92 
PI 91. 150 15.48 15.34 13. ,50 15. ,16 15. 51 1^. ,34 15, .26 17. ,59 
PI 70. 242 13.56 19.57 15. ,06 16. 82 15. 53 16. .12 14, .24 15 . 81 
PI 84. 957 13.65 • 13.33 14. 57 11. 70 14. 28 9, .43 11 .52 12. 96 
PI 89. 005--4 14.64 15.75 12. ,39 14, .85 14, .12 17. 34 14 .59 17, .38 
PI 88. 805-•2 16.90 15.12 17. 84 16, .03 18, .72 17. 81 17 .00 15. 98 
PI 60. .296--1 13.30 17.37 16 . 38 17 .69 17, .88 17 .37 14 .34 16. 53 
PI 68. ,600 16.32 15.31 12. 81 17 . 16 16, .82 21, .11 15 .09 17. 04 
Stage V-8, ,5 
Hark 34.22 36.68 30, .54 40 .56 36 .55 39 .27 39 .52 42 .36 
PI 86. 102 30.81 30.34 27, .54 32 .81 34 .00 36 .52 31 .89 38 .52 
PI 91. .150 32.54 32.39 31 .79 32 .81 35 .92 32 .61 34 .79 36 .35 
PI 70. 242 35.56 32.39 30 .34 39 .74 33 .57 31 .30 37 .68 35 .61 
PI 84, .957 31.95 28.23 28 .62 25 .41 30 .83 27 .84 31 .28 30 .73 
PI 89. 005' -4 35.39 36.55 32 .93 37 .84 34 .55 34 .08 30 .66 27 .78 
PI 88 .805 _2 40.09 32.86 29 .47 41 .42 38 .68 38 . 19 42 .44 41 .05 
PI 60 .296 -1 31.97 32.59 32 .71 39 .34 37 . 15 33 .83 40 .98 40 1 / 
PI 68 .600 35.78 31.42 27 .39 33 .06 34 .32 36 .97 36 .65 42 .73 
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Table A-8. (Continued) 
Treatments and means 
Stages and Lines 0-0-0 1-0-0 0-0-1 1-0-1 0-1-0 1-1-0 0-1-1 1-1-1 
Stage R-8.0 
Hark 51 .25 58 .81 45 .25 59 .09 61 .27 61.11 56 .08 69 .52 
PI 86. 102 46 .65 50 .00 52 .16 54 .06 50 .33 57.15 58 .29 57 .42 
PI 91. 150 55 .13 49 .11 51 .94 56 .43 51 .69 58.27 62 .13 62 .95 
PI 70. 242 47 .15 48 .17 50 .45 47 .70 48 .61 55.46 55 .93 57 .84 
PI 84. 957 44 .67 47 .35 46 .51 50 .68 49 .73 46.04 46 .58 53 .80 
PI 89. 005-4 52 .88 50 .55 48 .54 61 .83 51 .49 60.13 46 .48 58 .81 
PI 88. 805-2 48 .61 56 .90 53 .68 55 .54 55 .68 53.58 52 .19 59 .88 
PI 60. 296-1 51 .54 54 .96 57 .37 49 .56 57 .46 47.15 54 .09 61 .44 
PI 68. 600 59 .80 53 .25 55 .80 53 .43 56 .48 59.23 54 .71 60 .15 
Table A-9. Analyses of variances of thcî multiple regression for grain yield (kg/ha) of soybean lines 
on (a) soil and fertilizer factors, (b) chemical composition at stage V-2.5, and (c) 
chemical composition at stajje V-4.5 (1970) 
Lùà 
Strains Regression Residual F. Regression Residual F. Regression Residual F. 
Hark 123981.9 311691.6 104611.2 276954.6 227552.2 226699.2 
PI 86.102 120197.7 69135.9 35188.7 115516.9 114109.4 84574.0 
PI 91.150 393434.1 170689.7 * 515386.0 171741.9 ** 525286.1 183239.6 ** 
PI 70.242 132012.8 48552.9 ** 196564.1 41113.5 ** 166386.1 58369.0 ** 
PI 84.957 62052.6 44878.9 68664.7 460.76.4 91348.2 39169.0 * 
PI 89.005 163575.3 36876.6 ** 133701.3 77892.3 234633.5 45212.1 ** 
PI 88.805 51923.8 43825.8 90312.2 29958.0 ** 69437.3 39846.4 
PI 60.296 93809.2 50390.5 119809.7 49633.1 * 172566.9 34333.9 ** 
PI 68.600 62657.2 27203.1 * 64242.3 34612.1 16089.4 11366.8 
D. F .  14 17 9 22 8 23 
g -- 0.408** - - 0.326** - - 0.625** 
Significant at 5%. 
** 
Significant at 1%. 
Table A-10. Comparisons of the standardized partial regression coefficients attributed to soil and 
fertilizer P and K 
Yield of grains Dry matter at V-2.5 Dry matter at V-4.5 
P K P K P K 
Lines Soil Ferti­ Soil Ferti­ Soil Ferti­ Soil Ferti­ Soil Ferti­ Soil Ferti­
lizer lizer lizer lizer lizer lizer 
Combined data 0.363 -0.046 0.113 0.346 -0.075 0.193 0.903 -0.123 0.903 0.123 -1.046 -0.123 
Hark -2.780 -0.086 -1.608 0.333 -3.258 0.150 -0.948 -0.271 -4.932 0.158 -4.166 -0.271 
PI 86.102 2.745 -0.150 1.311 0.221 -1.199 0.230 0.230 -0.189 1.446 0,425 1.035 -0.189 
PI 91.150 -0.460 -0.115 1.292 0.613 -3.515 0.240 -0.365 -0.180 2.481 0.091 -1.110 -0.180 
PI 70.342 2.191 -0.457 0.530 0.464 0.042 0.347 1.589 -0.018 -2.039 -0.099 -3.590 -0.018 
PI 84.957 2.636 0.441 2.426 0.638 3.496 0.090 2.908 0.186 -1.216 -0.001 -3.895 0.186 
PI 89.005-4 -0.872 -0.012 -1.084 0.784 2.582 -0.064 2.267 -0.189 3.646 0.004 -0.056 -0.189 
PI 88.805-2 -2./28 0.186 -2.697 0.644 2.234 0.287 1.023 -0.102 1.497 0.127 -0.630 -0.102 
PI 60.296-1 3.775 -0.280 2.012 0.404 2.090 0.200 4.244 -0.083 4.870 0.248 0.493 -0.083 
PI 68.600 2.417 0.151 0.973 0.299 -4.129 0.298 -2.678 -0.275 0.763 0.257 0.668 -0.275 
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Table A-ll(a). Analyses of variances of the multiple regression for dry 
matter production (q/ha) on soil and fertilizer , factors 
(1970) 
(A) Stage V-2.5 (3) Staze V-4.5 
Sou rces Sources 
Lines Regression Residual F Regression Residual F 
Hark 4.839 4.428 1.09 15.167 5.127 2.95^% 
PI 86 .102 4.057 2.348 1.72 14.707 5.756 2.55* 
PI 91 . 150 2.320 1.693 1.37 10.179 5.996 1.69 
PI 70 .26? 6 ?92 3.443 1.24 20.980 7.320 2.86^% 
. 95 7 2.427 1.912 1.26 4.802 8.234 0.58 
PI 89 .005 3.188 2.330 1.36 15.823 5.330 2.96** 
PI 88 .805 5.506 4.849 1.34 11.804 6.961 1.69 
PI 60 .296 6.992 5.219 1.33 10.029 11.015 0.91 
PI 68 .600 3.840 3.134 1.22 14.522 10.424 1.39 
D.F. 14 17 _ _ 14 17 w — 
g- 0.177 — — 0.164 
Significant at the 5% level. 
Significant at the l'Â level. 
Table A-li(b). Analysis of variance of the multiple regression for dry 
matter production (q/ha) at V-2.5 on soil and fertilizer 
factors for the combined data 
Source d.f. Mean squares -
A Total 287 
Regression 14 22.429 7.787** 
Residual 273 2.880 
3 Total 287 
Regression 14 54.999 6.404** 
Residual 273 8.549 
Significant at the 5% level. 
Significant at the 1% level. 
Table A-12. Analysis of variance of the multiple regression of dry matter production (q /lia) at 
stages V-8.5 on (a) soil and fertilizer factors, (b) cliemical composition at V-2.5 
and (c) chemical composition at V-4.5 (1970) 
A li C 
Lines Regression Residua 1 F Regression Residual F Regression Resi dua 1 
Hark 40.964 24.170 1.67 46 .087 25.586 33.629 30.810 
PI 86. 102 19.713 25.694 0.76 12 .264 27.392 50.118 13.568 
PI 91. 150 22.921 40.492 0.56 37 .735 30.453 34.113 32.030 
PI 70. 242 40.263 36.897 1.09 28 .910 42.323 56.100 32.280 
PI 84. 957 33.100 11.437 2.89 28 .946 18.069 6.668 19.333 
PI 89. 005 40.974 46.593 0.87 37, , 135 46.907 46.706 43.149 
PL 88.805 37.500 35.177 1.06 72, 090 21.570 76.999 22.058 * 
PI 60. 296 69.054 59.783 1. 15 72. , 174 60.642 105.354 49.598 
PI 68. 600 55.186 28.138 1.96 74. 886 26.245 * 72.01 1 ^9.356 
1). F. 14 17 - — 9 22 8 23 
«• 0.193 0.202 0.182 
Imply that £ F(.05) and £ > l'(.Gl), respectively. 
Table A-13. Comparison of the r2 values attributable to the soil vs fertilizer factors 
A. Fertilizer N. P. K. NP. NK. PK B. Soil pH. P. K. P^. K^. PK 
Dependent variables Dependent variables 
Grain Dwt at Dwt at Dwt at Dwt at Grain Dwt at Dwt at Dwt at Dwt at 
Lines yield V-2.5 V-4.5 V-8.5 R-8.0 yield V-2.5 V-A.5 V-8.5 R-8.0 
Combined data . 1 5 3 6  . 1 1 4 7  . 0 4 6 8  . 0 7 9 0  . 0 8 7 5  . 0 5 4 0  . 1 1 7 2  . 1 7 9 9  . 0 7 0 7  . 0 2 7 6  
Hark . 1 8 0 3  . 2 3 7 1  . 1 6 3 9  . 3 3 9 6  . 2 0 5 4  . 1 5 2 8  . 1 6 1 8  . 2 6 1 4  . 3 1 8 9  . 0 8 6 0  
PI 8 6 . 1 0 2  . 3 0 2 4  . 1 0 9 9  . 0 9 5 9  . 2 9 9 2  . 2 5 0 8  . 2 9 6 3  . 3 3 4 6  . 5 0 3 9  . 0 2 7 9  . 1 0 1 4  
r i  9 1 . 1 5 0  . 5 4 4 5  . 2 4 1 4  . 1 5 0 0  . 0 5 4 3  . 3 0 3 8  . 1 6 1 4  . 2 6 3 7  . 3 8 6 7  . 2 5 2 4  . 2 3 1 5  
PI 7 0 . 2 4 2  . 5 0 3 5  . 2 0 2 1  . 2 1 4 7  . 1 8 1 2  . 3 4 1 0  . 3 4 6 8  . 2 0 2 1  . 5 7 7 3  . 3 1 3 5  . 0 7 4 2  
PI 8 4 . 9 5 7  . 3 7 2 1  . 2 0 5 1  . 1 2 4 4  . 2 0 5 6  . 1 4 9 4  . 2 6 3 3  . 2 7 3 0  . 1 3 2 4  . 3 9 7 2  . 2 4 5 7  
PI 8 9 . 0 0 5 - 4  . 7 0 8 3  . 1 0 9 4  . 1 5 1 8  . 2 0 3 1  . 2 3 4 9  .2994 . 3 5 6 5  . 4 4 0 1  . 2 5 0 6  . 0 9 5 4  
PI 8 8 . 8 0 5 - 2  . 3 8 2 9  . 1 0 9 7  . 1 3 9 5  . 3 3 7 9  . 0 6 8 8  . 1 5 2 4  . 2 1 7 1  . 4 3 7 3  . 1 8 5 8  . 0 4 5 3  
PI 6 0 . 2 9 6 - 1  . 3 4 4 4  . 2 8 6 7  .  1 9 4 0  . 1 9 5 0  . 1 4 2 8  . 2 4 4 0  . 2 0 8 5  . 1 2 8 7  . 2 3 2 1  . 1 9 0 0  
PI 6 8 . 6 0 0  . 4 6 0 2  . 2 1 3 6  . 3 4 2 2  . 4 5 0 7  . 1 3 5 5  . 1 0 6 0  .2846 . 1 6 4 7  . 1 4 1 3  . 0 8 4 4  
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lable A-14. Analyses of variances of yield of grain and dry matter of 
soybean lines and Pi's (1971) 
Source d.f. 
Yield of grains (kg/ha) 
Yield of 
drv matter (q/hai 
Mean square F Mean square p  
Slocks 3 750373.1822 4 . 6 3  5 1 . 9 8 8 3  2 . 3 2  
P lin 1 358813.2031 2.21 4 9 0 . 6 4 3 7  2 1 . 9 4 * *  
P quad 1 100305.2534 "'1 3 . 9 0 4 1  '1 
Error (a) 161656.2755 - - 2 2 . 3 6 2 1  
K lin 1 712498.1475 I C . 9 3 * *  116.0572 9 . 1 8 * *  
K quad 1 2 0 3 2 3 0 . 0 5 9 4  3.11 2 5 . 7 6 3 4  2 . 0 3  
P lin X K lin 1 9 9 0 . 4 9 9 8  <1 2 1 . 3 6 8 8  1 . 6 9  
P lin X K  quad 1 397998.7191 6 . 1 0 *  13.0910 1.03 
P quad X K lin 1 8 5 0 9 6 1 . 8 9 4 2  1 3 . 0 5 * *  3 . 8 7 5 6  " - 1  
P quad X .< quad 1 9 7 6 0 1 . 4 8 6 6  1 . 4 9  8 . 1 3 8 0  '1 
Error (b) 18 65164.4729 - - 1 2 . 6 4 1 8  - -
Varieties 8 336725.0020 5 . 2 5 * *  1 8 . 7 9 4 7  2 . 3 7 *  
V P  16 4 7 6 3 8 . 2 7 2 4  ••'1 3 . 7 4 3 8  ' 1  
VK 16 48155.5167 ' 1 5 . 6 0 2 6  "1 
VPK 32 1 2 9 7 0 9 . 8 2 4 1  2 . 0 3 * *  7 . 9 7 7 6  1.00 
Error {c) 216 O3B7U.iVU5 7 . 9 1 2 5  - -
Coeff. of variation ; 1 0 . 5 %  1 5 . 7 %  
Mean 2397 kg/ha 16.0 g/ha 
Indicate significant at 5/, and 1/ levels, respectively. 
Table A-15. Analyses of variances of %P and %K of upper leaves at stage V-5.0 (beginning bloom) 
1971 
7oN %P % K  
Sources d.f. Mean square F  Mean square F  Mean square F  
Blocks 3  2 . 1 8 7 7 9  12.593** 0 . 0 4 5 5 9  5 . 3 5 7 *  0 . 3 8 5 3 3  5 . 1 3 4 *  
P  level's 2  0 . 0 2 5 3 8  < 1  0 . 2 1 8 3 6  2 5 . 6 5 9 * *  0 . 1 5 1 6 8  2 . 0 2 1  
Error (a) 6  0 . 1 7 3 7 3  0 . 0 0 8 5 1  - - 0 . 0 7 5 0 4  
K levels 2  1 . 0 5 5 4 9  - - 0 . 0 0 4 3 4  1 . 7 0 1  1 1 . 8 7 5 8 7  9 3 . 1 2 2 * *  
P K  4  0 . 0 3 4 8 4  < 1  0 , 0 0 0 9 1  < 1  0 . 0 6 6 4 3  < 1  
Error (b) 1 8  0 . 1 1 7 1 4  -- 0 . 0 0 2 5 5  - - 0 . 1 2 7 5 3  - -
Varieties 8  0 . 1 2 5 6 4  2.276* 0 . 0 0 3 2 3  4.088** 0 . 0 1 5 4 8  < 1  
VP 1 6  0 . 0 3 8 4 9  < 1  0 . 0 0 1 0 6  1 . 3 4 1  0 . 0 1 9 2 5  < 1  
VK 1 6  0 . 0 7 3 3 9  1 . 3 2 9  0 . 0 0 0 8 1  1 . 0 2 5  0 . 0 2 4 4 4  < 1  
VPK 3 2  0 . 0 5 9 6 1  < 1  0 . 0 0 0 6 6  < 1  0 . 0 2 4 6 0  < 1  
Error (c) 2 1 6  0 . 0 5 5 1 9  - - 0 . 0 0 0 7 9  - - 0 . 0 2 6 7 2  --
Total 3 2 3  C.V. = 4.77% C.V. - 7.7% C.V. = 7.3% 
X  =  4 . 9 2  % N  X  =  0 . 3 6 5  %P X  =  1 . 9 9  %K 
"k 
Significant at the 5% level. 
** 
Significant at the 1% level. 
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lable A-ID. Analysis of variance of 
variables (1971) 
the regress :n of yield on fertilizer 
Regression Residua 1 
Strain d.f. Mean square d.f. Mean square F 
Hark 5 66956.3 30 119669.7 .559 
PI 91.150 5 274441.1 30 42629.5 6.437** 
PI 68.600 5 18831.0 30 63262.9 .288 
PI 86.102 5 38949.1 30 65177.1 .5976 
PI 89.005-4 5 238815.6 30 74999.0 3.184* 
PI 60.296-1 5 56434.4 30 61821.8 .912 
PI 88.805-4 5 125002.9 30 34351.9 3.638** 
Harosoy 5 332424.5 30 105408.7 3.153* 
Harosoy Dt^ 5 28043.3 30 112643.1 .249 
Combined data 5 316858.4 318 87056.3 3.693** 
« ^ 1 — r\ t -T -
t) ~ ^ / C.IS2 - gûC - . 05 . 
' Indicate significance at 57, and 17, levels, respectively. 
Table A-17. Analysis of variance for (A) noL photosynLlicsis (Pn) (ingC:02 •clm"^lir " ' ) and (li) leaf 
area (nim^) of soybean lines H 971) 
Source I). 1'. 
(A) I'n ( B) leaf area 
Ik? an square I- Mean sc]uare !• 
Blocks (A) 2 58 355 1.40 239.109 5 11 
Varieties ( il) 5 109 766 2 .63* 2980.229 46 33** 
P levels (C) 2 154 355 3 .70* 15263. 140 327 28** 
B X C 10 37 643 '1 432.758 6 72** 
Error (a) 34 41 650 - - 64.324 
Period (D) 4 2706 900 105 68** 2681.612 50 64** 
U X D 20 39 626 1 54 49.396 :l 
C X D 8 50 244 1 96 537.298 10. 14** 
B X C X 1) 40 32 102 1 25 57.926 1 09 
Error (b) 144 25.612 52.953 
, -•••* F values exceed 57, and 1/. levels of significance. 
Tabic. A-18. Analysis of variance for (A) leaf tliickness (inni x 10"^) (15) specific leaf area 
(cni2.nig"l) of soybean varieties (1971) 
(A) Ixzaf Chickncss ( IQ Specific leaf area 
Source cl. f, Mean square !•' Mean square T 
Blocks (A) 2 11.582 1.72 318.746 6.67 
Varieties ( B) 5 29.719 4.41** 118.575 2.48 
P levels (C) 2 55.892 8.30** 1115.482 23.36 
8 X C 10 7.630 1. 13 78.807 1.65 
Error (a) 34 6.72B 47.743 
Periods (D) 4 15.456 4.59* 392.359 16.48 
B X D 20 2.861 <1 23.102 <1 
C x U 8 8.218 2.44* 29.498 1.23 
13 X C X D 40 3.107 <1 24.158 1.01 
Error (1)) 144 3.361 23.743 
F values exceed 5%, and 17, levels of significance. 
Table A-19. Percent N, P and K in youngest matured trifoliate leaves of soybean varieties as 
affected by rate of fertilization w.'th P (1971) 
Lines 
(A) Percent N (B) Percent P (C) Percent K 
P treatment (pp2ra) P treatment (pp2m) P treatment (pp2m) 
0 225 450 0 225 450 0 225 450 
Hark 3.35 3.93 3.99 0.190 0.374 0.413 1.92 2.27 2.10 
PI 91.150 3.23 3.47 3.46 0.172 0.353 0.387 2.37 2.40 2.11 
PI 88.805-2 3.00 3.15 3.79 0.160 0.358 0.365 1.81 1.96 2.07 
PI 70.242 3.50 4.21 4.02 0.175 0.341 0.632 1.70 1.80 2.01 
PI 68.600 3.32 3.85 3.98 0.175 0.312 0.370 2.12 1.91 2.01 
PI 86.102 3.26 4.00 3.91 0.169 0.329 0.381 1.90 1.94 2.05 
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Table A-20. Coefficients of correlation among percent P, dry wt, Pn, 
leaf area (L.Â), leaf thickness (L.Th.) and specific leaf 
area (S.L.A.) for individual soybean lines (d.f. • 9) 
1971 
Pfercent P Dry Wt. Pn L.A. LI • Xh. S.L.A. 
1.00 .93** .60 .90** .46 -.67* 
1.00 .38 .91** .51 .77* 
1.00 .68* -.22 .04 
1.00 .20 -.55 
Hark 1.00 .70* 
1.00 
1.00 .90** -. 08 .95** .70* .69* 
1.00 -.01 -95** .87** -.87** 
1.00 -.07 .14 -. 08 
1.00 .77* -.81** 
PI 91.150 1.00 -.81** 
1.00 
1.00 .66* .42 .80** -.31 -.07 
1.00 .38 .94** .11 -.43 
1.00 .28 .66* .48 
1.00 .08 -.43 
PI 88.805 1.00 -.89** 
1.00 
1.00 .28 .03 .46 .09 .16 
1.00 .49 .86** -.84** -.83** 
1.00 .54 .40 - .48 
1.00 .70* -.60 
PI 70.242 1.00 -.81** 
1.00 
1.00 .91** .51 .94** .68* -.80** 
1.00 .60 .94** .83** -.94** 
1.00 .49 .18 -.43 
1.00 .75* -.82** 
PI 68.600 1.00 .92** 
1.00 
1.00 .81** .85** .94** .14 -.80 
1.00 .64 .89** .25 -.93** 
1.00 .71* -.01 -.59 
1.00 .20 -.91** 
PI 86.102 1.00 -.49 
1.00 
*, ** significant at 5% and 1%, respectively. 
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Table A-21. Percent potassium in the tops of soybean lines at time of 
harvest (1972) 
P level (pp2m) 
Lines 0 100 200 300 
Hark 1.43 
PI 91.150 1.75 
PI 88.805-2 1.68 
PI 70.242 1.66 
PI 68.600 1.80 
PI 86.102 1.56 
1.33 1.25 1.20 
1.41 1.43 1.30 
1.50 1.13 1.28 
1.45 1.28 1.31 
1.43 1.31 1.36 
1.46 1.46 1.26 
Table A-22. Percent potassium in the leaves of soybean lines (1972) 
P level (pp2m) 
Lines 0 100 200 300 
Hark 0.85 
PI 91.150 1.03 
PI 88.805-2 0.90 
PI 70.242 1.10 
PI 68.600 0.95 
PI 86.102 0.93 
0.98 0.91 0.93 
0.98 1.03 0.98 
0.96 0.83 0.90 
1.03 0.96 0.93 
0.96 0.93 0.96 
1.00 1.06 0.96 
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Table A-23. Percent phosphorus in the tops of soybean lines at harvest 
(1972) 
P level (pp2m) 
Lines 0 100 200 300 
Hark . 193 
PI 91.150 .156 
PI 88.805-2 .205 
PI 70.242 .148 
PI 68.600 .210 
PI 86.102 .110 
.305 .309 .397 
.186 .324 .440 
.239 .224 .380 
.266 .318 .441 
.254 .313 .339 
.249 .330 .365 
Table A-24. Percent phosphorus in the leaves of soybean lines (1972) 
P level (pp2m) 
Lines 0 100 200 300 
Hark .249 
PI 91.150 .219 
PI 88.805-2 .217 
PI 70.242 .228 
PI 68.600 .196 
PI 86.102 .180 
.397 .469 .532 
.288 .449 .563 
.359 .413 .491 
.363 .435 .625 
.313 .423 .543 
.343 .383 .523 
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Table A-25. Dry weight of tops (g/pot) of soybean lines as influenced by 
level of P fertilization (1972) 
Lines 
P level (po2m) 
0 100 200 300 
Hark 63 82 100 102 
PI 91.150 47 66 83 91 
PI 88.805-2 45 70 116 92 
PI 70.242 57 83 92 96 
PI 68.600 38 80 84 90 
PI 86.102 48 79 90 93 
Table A-26. Total leaf Pn (mgC02-hr~^) of soybean lines as influenced by 
level of fertilization with P (1972) 
P level (pp2in) 
Lines 0 100 200 300 
Hark 21.61 
PI 91.150 22.28 
PI 88.805-2 28.73 
PI 70.242 30.66 
PI 68.600 20.51 
PI 86.102 22.40 
35.08 30.29 32.00 
23.37 31.97 33.07 
26.28 27.02 27.29 
28.79 26.71 24.44 
27.98 25.41 32.20 
24.65 29.18 30.27 
Table A-27. Analy s is of variance for (A) the net rate of pliotosynthe sis (mgCOn-dm" (B) 
total lea f photosynthesis (mgC02'hr" 1) and (C) leaf area (rruii^ ) 1972 
(A) Net Pn (15) Total le af Pn (C) Ixjaf area 
Source d.f Mean square l-a Mean square !• Mean square F 
lilocks (A) 2 5186.910 21.39 1194.668 11.85 294 .213 1. 91 
P levels (B) 3 63.581 <1 392.296 3.89 4731 .585 30. 77** 
Varieties (C) 5 842.703 3.47" 65.092 <1 4119 .400 26. 85** 
15 X C 15 486.356 2.00 188.227 1.86 206 .967 1. 33 
Error (a) 46 242.390 100.793 153 .769 - -
Periods (D) 3 2H86.266 2.63* 471.664 1.02 532 .406 <1 
15 X 1) 9 304.009 <1 475.106 1.05 222 .901 ;l 
C x i )  15 243.623 <1 162.646 <1 71, ,704 < 1 
Error (b) 1097.140 <1 462.020 -  — - 1108 ,204 — — -
"" significant at 5Z and 17,, respectively. 
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Table A-28. Analysis of variance ot the percent K and percent P in the 
-
tops of soybean varieties (1972) 
Percent K in tops Percent P in tops 
Source d.f. îfean square F Mean square F 
Blocks (A) 2 .020 3.356 .011 3.461 
P levels (B) 3 .338 57.935** .156 48.097*1 
Varieties (C) i 5 .007 1.157 .028 <1 
B X C 15 .004 <1 .051 1.578 
Error 46 .006 — — — .032 
** 
Significant at .01 levsl. 
Table A-29- Analysis of variance of the dry wt of tops g/pot of soybean 
variety (1972) 
Source d.f. Mean square F 
Blocks (A) 2 212.347 1.430 
P levels (B) 3 7972.348 53.704** 
Varieties (C) 5 393.947 2.654* 
B X C 15 175.280 1.181 
Error 46 148.448 
•** 
Significant at the 1% level. 
* 
Significant at the 5% level. 
Tablti A-30. Coefficients ol correlation among percent K, percent P, total Pn, Pn rate, leaf area 
and D.wt. of soybean lines (d.I. - 10) 
Percent K  
1.000 
Hark 
1.000 
PI 91.130 
1  . 000  
Percent I' Percent Percent P'^ Total Pn Pn rate Leaf area D.wt./pot 
.304 
1.000 
-.057 
1.000 
.  182 
1.000 
P I  8 8 .  8 0 ' ) - 2  
. 0 7 0  0 8 6  . 0 7 9  .  1 1 3  - . 0 0 8  . 1 4 4  
- . 2 4 5  7 4 6 * *  . 6 1 9 *  . 0 9 2  . 6 5 2 *  . 5 8 5 *  
1 . 0 0 0  _ 514 -.495 - . 0 2 8  - . 5 6 2  - . 7 1 5 * *  
1 0 0 0  . 6 3 4 *  . 0 1 0  . 7 4 3 * *  . 6 4 1 *  
1 . 0 0 0  . 5 9 9 *  . 6 4 2 *  . 5 6 4  
1 . 0 0 0  - . 2 1 1  - . 1 9 4  
1 . 0 0 0  . 9 0 5 * *  
1 . 0 0 0  
. 2 0 4  175 - . 5 7 8 *  - . 6 1 6 *  - . 0 6 9  - . 0 9 1  
- . 5 7 6 *  95 1-"* . 6 4 0 *  -.161 . 8 7 6 * *  . 9 0 7 * *  
1 . 0 0 0  - 4 0 6  - . 2 6 6  .  1 6 0  - . 4 8 1  - . 7 2 1 * *  
1 0 0 0  . 7 2 7 * *  - . 0 4 3  . 8 6 4 * *  . 8 3 9 * *  
1 . 0 0 0  . 5 2 9  . 6 1 4 *  . 6 2 0 *  
1 . 0 0 0  -.331 -.142 
1 . 0 0 0  . 8 3 3 * *  
1 . 0 0 0  
. 5 ) 6  018 -.163 - . 4 2 3  . 0 6 7  -.391 
- . : ) V 4  7 6 2 * *  -.201 - . 4 1 6  . 7 2 9 * *  . 4 3 9  
1 ,0 0 0  _ 297 . 1 3 6  . 0 3 3  - . 6 1 7  *  -.924** 
1 0 0 0  - . 4 9 3  -.180 . 7 1 5 * *  . 3 2 5  
1  . 0 0 0  . 7 3 8 * *  - . 2 3 3  -.271 
1 . 0 0 0  - . 2 1 5  -.160 
1 .000 . 7 2 7 * *  
1 .000 
1 nd i ca 11" s that i he se cte te. rmi na t ions are on whole plant basis rather than on indlvidiKil leaves 
Indicate s Lj'.n i I i eance at ') and I '  levels, respectively. 
Table A-30 (Continued) 
Percent K Percent P Pfercent Percent P^ Total Pn Pn rate Leaf area D.wt./pot 
1.000 -.025 .371 -.167 .082 -.402 -. 166 -.076 
1.000 -.689* .952** -.482 .168 .688* .852** 
1.000 -.678** .320 -.244 -.602 -.762** 
1.000 -.398 .662 .762** .906** 
1.000 -.214 -.446 -.298 
1.000 .179 -.016 
1.000 .842** 
PI 70.242 1.000 
1.000 .090 .095 -.535 -.063 -.575* .012 -.271 
1.000 -.657* .678* .561 -.152 .520 .661* 
1.000 -.356 -.408 .068 -.726** -.939** 
1.000 .361 .328 .324 .471 
1.000 .162 .474 .532 
1.000 -.193 -.083 
1.000 .745** 
PI 68.600 1.000 
1.000 .265 .220 .445 .208 -.014 .692* .594* 
1.000 -.430 .924** .176 -.113 .489 .745** 
1.000 -.515 -.041 -.300 .064 -.488 
1.000 .314 .008 .575* .886** 
1.000 .128 .293 .311 
1.000 -.037 .221 
1.000 .664* 
PI 86.102 1.000 
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Table A-31. Analysis cf variance for net assimilation rates, relative 
growth rates and relative leaf growth rates for soybean 
lines (1972) 
NAR RGR RLGR 
Source d.f. M.S. F M.S. F M.S. F 
Mav 24-June 7 
Blocks (A) 3 15.037 1.81 10.055 2.23 31.254 4.91** 
P levels (B) 3 20.443 2.46 12.613 2.80 8.768 1.37 
Varieties (C) 2 12.259 1.47 5.335 1.18 7.291 1.14 
B X C 6 6.409 <1 3.828 <1 4.840 <1 
Error 33 8.299 - - 4.493 - - 6.356 - " 
June 7-June 21 
Blocks (A) 3 7.143 <1 1.958 <1 11.515 2.22 
P levels (B) 3 25.160 1.87 9.740 3.21* 10.6:1 2.06 
Varieties (C) 2 23.753 1.77 11.783 3.85* 14.066 2.71 
B X C 6 10.254 <1 2.325 <1 2.915 <l 
Error 33 13.419 — — 3.033 - - 5.178 
Mav 24-June 21 
Blocks (A) 3 13.185 1.17 1.256 <1 2.660 1.29 
P levels (B) 3 1.109 <1 0.513 <1 2.452 1.19 
Varieties (C) 2 8.230 <1 1.920 1.01 8.417 4.08* 
B X C 6 5.034 <1 1.393 <1 2.960 1.43 
Error 33 11.197 — — 1.884 — — 2.060 — 
' Significant at .05 and .01 significant levels, respectively. 
Table A-32. Net assimilation rates, g.m."2day~l, relative growth rate (%) and relative leaf growth 
rate {%) of soybean lines as affected by plant age and level of fertilization with P 
Net assimilation rate Relative growth rate Relative leaf growth rate 
Dates P level (pp2m) P level (pp2m) P level (pp2m) 
and lines 0 100 200 300 0 100 200 300 0 100 200 300 
May 24-June 7 
Hark 5.90 6.61 
PI 91.150 5.02 9.74 
PI 68.600 6.91 6.44 
June 7-June 21 
Hark 7.18 6.42 
PI 91.150 5.92 2.19 
PI 68.600 7.45 5.36 
May 24"June 21 
Hark 7.09 7.55 
PI 91.150 5.88 6.72 
PI 68.600 9.03 7.17 
3.67 
6 , 0 0  
6.58 
3.27 
5.22 
4.96 
5.72 
4,72 
4.67 
5,80 
8.04 
4.96 
3.31 
4.98 
4.97 
3.27 
4.53 
3.85 
3.70 
2.38 
2.89 
4.23 
5.76 
1.77 
2 .06  
3,28 
2 . 2 8  
1 . 2 2  
2 . 6 8  
1.77 
6 . 8 8  
4.60 
9.05 
9.85 
8,30 
6.30 
4.92 
3.84 
3.70 
3.88 
1.36 
2.08 
4.45 
2.83 
4.28 
5.65 
4.78 
3.03 
1.86 
0.74 
0.89 
0.31 
0.54 
2 . 8 6  
1.40 
0.17 
0.36 
0 . 6 1  
1 , 2 2  
1.59 
5.63 
5.81 
8 . 6 6  
6,68 
7,29 
6.31 
5.32 
4,28 
4.19 
4,84 
4.70 
3.52 
3.88 
3.91 
4.62 
4.46 
4.65 
3.44 
2.78 
1.56 
1,89 
2.27 
2 . 6 0  
0.54 
1.73 
1.72 
1,32 
0,91 
1.95 
0.08 
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Table A-33. Analysis of variance for L/S ratios, S.L.W. (ing*cm^) and 
L.A.R. (cm^.g-l) of soybean lines (1972) 
Source d.f. 
L/S ratios S.L.W. L.A.R. 
M.S. F M.S. F M.S. F 
May 24 
Blocks (A) 3 .0335 1.62 2.28 743.39 3.15* 
P levels (B) 3 .0029 <1 -- <1 161.30 <1 
Varieties (C) 2 .0574 2.78 -- 2.04 1165.45 4.94** 
B X C 6 .0133 <1 -- 1.40 399.81 1.69 
Error 33 .0206 — —  —  353.68 
June 7 
Blocks (A ) 3 .0196 2.96 6.41-'* 383.80 7.79** 
P levels (B) 3 .0118 1.79 3.84* 69.29 1.40 
Varieties (C) 2 .0944 14.29** 8.31**1575.69 31.99** 
B X C 6 .0018 <1 — <1 37.66 <1 
Error 33 .0066 —  —  —  —  49.24 —  -
June 21 
Blocks (A) 3 .0290 2.68 1.73 11.03 <1 
P levels (B) 3 .0350 3.23* — <1 165.54 1.72 
Varieties (C) 2 .0868 8.01** 1.59 856.29 8.91** 
B X C 6 .0240 2.21 — <1 34.01 <1 
Error 33 .0108 — — — — — — 96.05 — —' 
* ** 
' Significant at .05 ana *)1 levels, respectively. 
Table A-34. Leaf wt/stem w1: ratios, specific leaf wt (mg'cm"^) and leaf area ratios (cm^'g"!) 
of soybean lines as influenced by level of fertilization with P (1972) 
L/S ratios S.L.W. L.A.R. 
Dfites P level (pp2m) P level (pp2tn) P level (pp2m) 
and lines 0 100 200 300" 0 100 200 300 0 100 200 300 
May 24 
Hark 0.98 1.04 0.98 1.13 4.43 5.19 4.86 4.58 116.50 100.41 100.58 115.99 
PI 91.150 1.07 1.06 1.07 0.99 4.64 5.24 5.50 5.21 115.86 98.66 95.67 100.92 
PI 68.600 0.92 0.92 0.95 0.97 5.95 4.71 5.32 5.39 80.97 102.43 91.70 91.34 
June 7 
Hark 0.76 0.81 0.83 0.76 5.04 5.63 5.43 4.98 86.27 80.14 83.96 87.72 
PI 91.150 0.70 0.77 0.80 0.73 5.06 6.14 5.97 5.56 82.51 72.33 74.98 76.36 
PI 68.600 0.60 0.68 0.63 0.65 5.97 6.23 6.22 5.82 62.95 65.49 62,61 68.13 
June 21 
Hark 0.62 0.52 0.60 0.64 6.80 7.17 6.87 9.65 56.14 48.58 54.71 44.79 
PI 91.150 0.65 0.64 0.62 0.54 7.46 7.12 7.41 7.64 53.33 55.02 51.54 46,35 
PI 68,600 0.66 0.45 0.42 0.38 10.12 11.44 8.16 7.70 44.33 38.25 36.30 35.60 
